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Introduction 


In 2016-2017 the Centre for History and Philosophy of Science at the University 
of Leeds celebrated its 60th anniversary. Since 1956, the Centre has been one of 
the few institutions promoting the study of science from a combined historical 
and philosophical perspective (other such departments include the HPS 
departments in Cambridge, Indiana, and Pittsburgh, and the IHPST in Paris 
and Toronto, to name a few). 1 The editors of this volume viewed this anniversary 
as an opportunity to reflect on the legacy, the current state, and the future of 
Integrated History and Philosophy of Science (iHPS). 

We decided to organise a conference with two main goals in mind. First, 
we wished to bring together researchers interested in the rich heritage of 
iHPS, the current issues that it faces and the new potentials for research that 
lie in wait. In the call for papers, we intentionally construed iHPS broadly, as 
the study of science from a combined historical and philosophical perspective, 
in order to be inclusive of a wide range of approaches and traditions 
(including those which do not label themselves iHPS, such as the historical 
epistemology tradition). Second, we wanted to offer better visibility to those 
who, like ourselves, were nearer the beginning of their career. We therefore 
explicitly aimed to showcase the works of early career iHPS scholars. 

We received an overwhelming response to our initial call for papers. The 
high quality of the abstracts for presentations enabled us to host in January 
2017 ‘The Past, Present and Future of iHPS: An International Postgraduate 
Forum’. Over the course of two days, early career researchers from across the 
world discussed theoretical ideas surrounding the relationship between the 
History of Science (HS) and the Philosophy of Science (PS), the fine texture of 
the case studies they were working on, the methodological specifics of their 
research, and a number of other topics. The keynotes, which were delivered by 
Chiara Ambrosio and Jon Hodge, took stock of the past and present condi¬ 
tions of iHPS, and were inspiring to the early career delegates interested in 
realising its future. 

We have organised the volume into two main parts. The first part, 
‘Problematising the Relationship Between History of Science and Philosophy of 
Science’, contains chapters emphasising and attempting to solve methodological 
problems to do with the relationship and the integration of history and philosophy 
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of science. The second part, ‘iHPS in Practice’, showcases chapters which put the 
integrated approach into practice through various examples and case-studies. 

Reflections about existing obstacles to the effective integration of HS and 
PS run through the first part of the volume. Several contributors note that 
there is a tension between the apparently incompatible approaches employed 
by HS and PS to study science, with the former supposedly taking on a 
descriptive approach to scientific thought, and the latter providing normative 
models for how science should develop. The chapters in this section attempt to 
resolve such tensions by proposing novel ways of thinking about the relationship 
between HS and PS. 

In the first chapter of the volume, Greg Rupik outlines how scientonomy, 
an empirical science of science, provides an opportunity for a new method of 
integrating HS and PS. This centres on a general theory of scientific change 
first formulated by Hakob Barseghyan in his 2015 The Laws of Scientific 
Change. This approach seeks to combine PS and HS by proposing four laws 
that govern scientific change, and as such creating a metascience which can 
integrate HS and PS by bringing together the descriptive and normative 
approaches to the study of scientific development. Rupik argues then that HS 
and PS each provide the observational and theoretical components to this 
empirical meta-study of the study of science. 

Caterina Schurch picks up on some of the problems the integration of HS 
and PS presents by asking whether iHPS is feasible and desirable, and con¬ 
sidering both the arguments of those who see the project of iHPS fail, and the 
arguments of those who instead believe that history can provide insights into 
philosophical questions, and that philosophy can bolster historiographical 
analyses. Schurch argues that iHPS is the method of choice whenever we deal 
with metascientific problems that refer to interrelated philosophical and his¬ 
toriographical questions. A prime example of a research problem suited to 
iHPS is the issue of understanding past research practice. Schurch illustrates 
this point by confronting the historiographical work on the integration of 
physico-chemical and biological methods in the early decades of the twentieth 
century with some key assumptions of the new mechanical philosophy and 
argues that an integration of the two accounts would strengthen them both. 

Claudia Cristalli addresses narrative-based explanations in the sciences, 
focusing on palaeontology and geology, the so-called historical sciences. She 
looks at how an integrated approach to narrative explanations is necessary to 
understand how this form of explanation functions. As in Rupik’s chapter, 
Cristalli attempts to understand the ways in which scientific change occurs, 
and achieves this through an interrogation of the use of narrative to formulate 
and advance the research questions of these scientific disciplines. By carrying 
out a philosophical and historical analysis of the role of explanation in the 
historical sciences, Cristalli, with reference to the work of Hempel, Whewell 
and Pierce, claims that an integration of HS and PS is necessary in order to 
fully understand the role of narrative in the historical sciences. Cristalli con¬ 
cludes that this integrated approach can provide the beginnings of a narrative 
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interpretation of explanation that can be applied to fields other than the his¬ 
torical sciences, and can be used more generally by iHPS scholars. 

Eugenio Petrovich uses an investigation of science policy to address what 
Richard Giere called the marriage between HS and PS, which is parsed out by 
asking whether it was a marriage of convenience or an intimate relationship. 
According to Petrovich, this question is as important as it was when Giere first 
posed the question in the 1960s, and this translates itself into the identity, goals, 
and theoretical basis of iHPS. The chapter frames Kuhnian, neo-positivist and 
Popperian approaches to HPS in a Hegelian dialectic that respectively represent 
a thesis, an antithesis and a synthesis, and it is the logic of Popper’s approach 
that is present in the formulation of science policy. Petrovich provides a series 
of case examples which demonstrate this, and goes on to offer a research 
methodology which can provide a new synthesis of HS and PS. 

Picking up on addressing Giere’s metaphor of marriage to describe the 
relationship between HS and PS, Matteo Vagelli in Chapter 5 claims that this 
is a problem for Anglophone HPS, and that French historical epistemology 
can provide important solutions that can help the integration of the two. The 
work of some of the principal figures in historical epistemology, namely 
Gaston Bachelard and Georges Canguilhem, predates that of the historical 
turn that was signalled by the publication of Kuhn’s work. Despite some 
interest in historical epistemology from the Anglophone world, it has often 
been understood as being a form of Science and Technology Studies (STS), 
and the unique formulation of the research programme has not properly been 
considered. More particularly, Vagelli contrasts the naturalising trend pre¬ 
valent in certain areas of the Anglophone debate with the ‘normative turn’ 
instantiated by Bachelard and Canguilhem. In highlighting the important 
differences between STS and historical epistemology, Vagelli brings light to a 
poorly understood movement in Anglophone iHPS, which, given proper 
treatment, provides insight into an effective integration of HS and PS. 

In the third of our trio of historical epistemologists, Massimiliano Simons 
builds upon the outline of historical epistemology provided by Matteo Vagelli 
in order to take up Imre Takatos’s famous play upon Kant’s phrase in the 
Critique of Pure Reason', that HS is blind without PS, and PS is empty with¬ 
out HS. Simons reaffirms Lakatos’s belief that empirical HS problems cannot 
be resolved without some recourse to PS, and that philosophical questions 
need some empirical data to provide a field for experiment. Focusing on the 
work of Bachelard, Simons argues that French historical epistemology can 
help us develop a finer grained understanding of what the relationship 
between HS and PS could and ought to be. Bachelard’s work is important 
because it provides a methodological framework which prioritises the practice 
of science over the philosophy of science in attempts to understand how sci¬ 
entific research operates but at the same time is not afraid to make normative 
judgments about the ways in which scientific research ought to operate. This 
tradition still exists in the work of current French epistemologists, and Simons 
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show how this innovative method of integrating HS and PS is demonstrated 
in the work of Isabelle Stengers. 

The chapters in the second section put the integrated approach into practice 
by presenting cases which, while often well-known in HS or PS scholarship, 
strongly benefit from being reevaluated from an iHPS perspective. 

In the first chapter in the section, and the seventh in the volume, Mark 
Thomas Young draws upon the existential phenomenology of Martin 
Heidegger in order to investigate the relations between craft knowledge and 
the emergence of experimental research during the early modern period. 
Young calls into question the strong continuities that have been drawn 
between the two, and utilises Heidegger’s ideas in order to understand how 
the development of decontextualised knowledge guided the development of 
experimental practice and theory by the Royal Society, and although feted as 
being a break with craft-based forms of knowledge, in fact played into an 
epistemological tradition that had existed within Western philosophy since 
antiquity. Young’s chapter then seeks to provide a picture of iHPS that uses 
existential philosophy to provide a valuable insight into a historiographical 
debate from HPS, and thereby provides a powerful model for iHPS. 

Andrea Gambarotto draws upon recent work carried out by Uljana Feest 
and Friedrich Steinle to provide a conceptual history of teleology. Feest and 
Steinle argue that iHPS has two tasks: first, it outlines the historical processes 
by which concepts of scientific thought are developed in order to demonstrate 
the evolution of scientific knowledge, and second, that it creates philosophies 
of science which provide a faithful treatment of the ways in which scientific 
practice is actually conducted. This is in contrast to the normative models of 
science that are often proposed by philosophers of science. Taking this lead, 
Gambarotto proposes a history of the concept of teleology that commences 
with the early modern conception centred around Cartesian mechanism, 
before harking back to Aristotelian thought in order to uncover an archive of 
theoretical alternatives to those that we have become accustomed to in the 
modem period. The final section of the chapter then provides a case study that 
outlines how Hegel drew upon the Aristotelian conception of teleology in order 
to demonstrate how the history of science can be employed in the service of the 
philosophy of science. In this way then, Gambarotto provides a model which 
enables conceptual histories and the history of ideas to provide fuller accounts of 
the concepts used by philosophers of science, providing modern examples of the 
related concept, purposiveness, from the work of the cyberneticists Humberto 
Maturana and Francisco Varela. 

Picking up on this thread of the recent work in the history and philosophy of 
cybernetics, Joe Dewhurst provides a history of the cybernetic origins of enacti- 
vism and computationalism. Dewhurst seeks to question the preconceived 
notion that these two schools of thought are in opposition by carrying out a 
philosophical analysis informed by a historical charting of the origins of the two 
schools to the first order cybernetics developed by Norbert Weiner and a number 
of other individuals. Dewhurst claims that during this time, the notions of 
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biological homeostasis and neural computation were able to co-exist, but goes 
on to state that the two schools diverged due to the development of the enactivist 
notion of autonomy, which although having its roots in biological homeostasis, 
found its development through Maturana’s autopoetic theory to the modern 
enactivism. In tracing this history, Dewhurst seeks to argue that the enactivist 
notion of autonomy is incompatible with computationalism if it is understood as 
a semantic phenomenon, and that by looking at the history of both schools, it is 
possible to reconcile these opposing philosophical schools. 

Klodian Coko examines the well-studied but often misrepresented case of 
French physicist Jean Perrin's argument for molecular reality through the lens 
of a Hermeneutic-Historicist approach to the integration of HS and PS. This 
approach provides Coko with the framework to move beyond the conflicting 
philosophical interpretations of Perrin's work and to analyse and contextualise 
important structural elements of Perrin’s argument, uncovering that it was 
based on the employment of the epistemic strategy of multiple determination. 
In addition, Perrin’s case can be used to develop a conceptual framework for 
dealing with the structure and epistemic import of the multiple determination 
strategy in general. On the one hand, this conceptual framework can be used to 
understand the structure and epistemic import of other cases of multiple 
determination from past or current science. On the other hand, it can be enri¬ 
ched and further developed in contact with historical material. Coko therefore 
argues that a Historicist-Hermeneutic approach paves the way for a ‘mutually 
beneficial’ interaction between HS and PS. 

The final two chapters tackle the issue of pluralism, in historiography and 
science education, respectively. Alex Aylward argues that when we possess 
several differing historical accounts of the same scientific episode, they are 
often viewed as ‘competing’. The persistence of historiographic pluralism with 
respect to any particular case-study is usually conceived as an obstacle to be 
overcome in pursuit of the (one) ‘true’ historical account. Using a case study 
from the London Royal College of Surgeons he urges that we adjust our 
attitudes to pluralism in the History of Science, in response to lessons from 
the perspectivism movement in the Philosophy of Science. We should actively 
pluralise our historiographical perspectives upon particular scientific episodes, 
in the pursuit of greater completeness, along with a host of other historical 
and philosophical benefits. 

Wonyong Park and Jinwoong Song’s chapter concerns the relationship 
between science education and iHPS. Sparked by decades of scholarship in sci¬ 
ence studies, ‘science as practice’ has recently begun to attract growing attention 
from science educators, who find teaching ‘the scientific method’ to no longer be 
valid in school setting. Recent curricular reforms such as the US Next Genera¬ 
tion Science Standards also support such a ‘practice turn’ by proclaiming the 
teaching of scientific practices as their key objective. Consequently, philosophers 
have come to notice that there rarely exists a single correct account which fully 
explains the entire natural phenomena, but more commonly found is a plurality 
of theories, models, and explanations that are often incompatible with one 
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another. The authors therefore set out to make a case for using iHPS to rethink 
educational practices, by examining how realist forms of scientific pluralism 
illuminate the dilemma between realism and constructivism in science education. 

With these twelve chapters, originally papers delivered by early career 
researchers at our conference, this volume intends to contribute to the further 
advancement of iHPS by providing a snapshot of some of the most recent 
developments in iHPS scholarship and gesturing optimistically toward its future. 


Note 

1 Although iHPS has been relatively recently established as an institutionalized field 
of research, at Leeds and beyond, one could trace the origins of the integration of 
historical and philosophical considerations about the study of nature as far back 
as Aristotle. This prehistory of iHPS is explored in the preface to this volume, 
which is comprised of an interview with the first of our keynote speakers, Dr. Jon 
Hodge, who is a long-time fixture within the Centre for the History and Philoso¬ 
phy of Science at the University of Leeds. 



Origins, trends, methodologies and 
divisions - reflections on the past, present 
and future of iHPS: A keynote interview 
with Jon Hodge 


Before the iHPS forum the editors sat down to chat with Emeritus Fellow Dr Jon 
Hodge who has been based in the Division, later Centre, for HPS since 1974. Jon 
still offers insights to many students passing through Leeds and offered his 
thoughts on the past, present and future of iHPS for the forum. This interview 
was presented as a keynote at the forum and what follows below are revised 
excerpts from the conversation he had with the editors of this volume. 

0.1 The origins of IHPS 

0.1.1 Prefatory warnings 

Four comments in advance: first, I am often drawing on unreliable memories 
here, memories sometimes tracing to rumours and gossip; second, while I have 
some credentials as a professional historian of science, my philosophical and 
social studies credentials are amateurish; third, I have long been aware that the 
relation between history and philosophy of science has been a disputed topic 
discussed by such people as Larry Laudan and Ron Giere: but I have only very 
recently learned about the current issues associated with the labels ‘hyphenated 
HPS' and ‘integrated HPS’, and addressed in publications by Hasok Chang 
and others and taken up at our conference. Finally, let me take this chance to 
thank the conference team for giving me this interview opportunity and for 
valued help in revising the original transcript. 


0.1.2 What were the origins of the field, when and why did it come about as a 
field, and could you then discuss some of the reasons why this occurred 
specifically in Leeds? 

Those are challenging questions. You used the word ‘held’, and I think that 
that is appropriately vague. If we ask when did hyphenated HPS become a 
profession, then we’d be talking really about the last fifty or sixty years; that is 
when there were first standard ways to get trained in hyphenated HPS, that is 
when there have been programmes officially devoted to its studies and hirings 
in it; and you might say that another word comes into play here, the word 
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‘discipline’; for yes, we’ve had a discipline of hyphenated HPS for the last 
fifty, sixty, seventy years; but in a broad sense, as a topic rather than a field or 
a discipline, hyphenated HPS goes a long way back; you can make a good 
case for Aristotle doing hyphenated HPS, for when he gets into a number of 
questions about science, he asks what are the opinions of the many and the 
wise, and how long have various beliefs been held and by whom and for what 
reasons and so how much credence to give them and so on. 

When people became self-conscious about modernity, around the time of 
Isaac Newton, a famous controversy broke out between the ancients and 
moderns, that ushered in another way of integrating the history and philosophy 
of science; because people had theories about how progress takes place in the 
sciences, and they wanted to say that there had been progress in the modern 
age, progress beyond where the ancients left things. 

Then you fast forward again to the 1830s and you have Auguste Comte in 
France and William Whewell in this country [the UK], who were really 
developing general theories of change and progress and reinforcing those by 
drawing upon philosophical resources. Very strikingly, Comte seems to draw 
upon English and Scottish resources, John Locke, Francis Bacon and David 
Hume; while Whewell, although he certainly draws upon Bacon, draws more 
than anyone else upon Immanuel Kant. 

In so far as Whewell has been a father for HPS in the English-speaking 
world, he’s been a German father; whereas Comte, the father of a lot of 
epistemologie de la vie in France, was more English and Scottish. So, the 
nationalistic issues surrounding the origins and boundaries of iHPS (inte¬ 
grated or hyphenated HPS) are complicated. 

So, it’s probably generally agreed that hyphenated HPS was not recognised as an 
academic specialty, discipline and professional category, in the English-speaking 
world at least, until the 1950s. And it was mostly understood as drawing on 
Germanic philosophical inspiration, especially Hegel and Kant (and the later 
Wittgenstein) and in its Hegelian and Kantian alignment it was seen to be in 
opposition to the dominant analytic philosophy of science, logical positivism. 


0.1.3 What were the origins of iHPS in Leeds? 

It helps here to focus on four people: Mary Hesse, a Protestant Christian 
mathematician - she was in our maths department in the 1950s; Ted Caldin - 
a Roman Catholic chemist; and Stephen Toulmin, a boy wonder, who had 
studied at the feet of Ludwig Wittgenstein during Wittgenstein's later years. 
(Wittgenstein, rumour has it, only had a chair for himself in his room; his 
students had to sit on the floor at his feet.) At Leeds too, there was Peter 
Alexander who was a historian of philosophy, particularly of Locke, and who 
was fascinated by Locke’s debts to Robert Boyle and the new mechanical 
philosophy of the seventeenth century. Lately I have been reading a marvel¬ 
lous book on the history of atomism from Democritus to Newton by his 
protege Andrew Pyle 
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Together, these four people lobbied to get HPS going, and it was given a 
home right here in this department in Leeds presumably because Toulmin was 
head of the department at that time ... 


0.1.4 On first arriving at Leeds HPS... 

Geoffrey Cantor and I came just after the ‘'Golden Age’, and the Golden Age 
people were really a hard collective act to follow: especially Charles Webster, 
Ted Maguire, Maurice Crosland, Charles Schmitt, Piyo Rattansi; they were 
all at Leeds in the years before 1974 - which is about when Geoffrey and I 
arrived. And they had gone off to various prominent positions around the 
world; but, notoriously, there was one not so good thing about those golden 
years: there had been factions, I’m sorry to report; there was a polarisation 
and the gossip was that if the Leeds group were in the pub, then there were 
two tables (I won’t name names), such were the divisions. 

But peace had broken out when Geoffrey and I arrived, not because we 
were peacemakers, but because some of the more divisive folk had gone. 
There was a real ideological issue in their divisions. One cluster was very 
much for historical scholarship, and the other cluster wanted to be politically 
engaged, and take up green issues and issues about freedom and oppression 
in scientific life and so on. But, as I say, that division did lessen, and peace is 
still with us, I am glad to report. The other point I would make is that the 
operation was in the mid-seventies very small; there were only very few 
students and a handful of postgraduates at any one time. As for teachers 
there were Jerry Ravetz, Geoffrey Cantor, Bob Olby, John Christie and me: 
just a team of five, whereas the number today would be twelve or fifteen - 
there has been a huge increase. Then when Jerry retired, we were down to 
four people and were so when we collaborated in producing what we called 
the w Leeds Companion’ to the history of modern science. So, this expansion, 
in the last twenty years, is hugely welcomed by people like myself who can 
remember those pinched and struggling years. 


0.1.5 Can yon tell as about the balance between History of Science and 
Philosophy of Science in Leeds HPS? 

The programme at Leeds got off to a rather lop-sided start. It’s probably true 
to say that Steven French was the first fully qualified philosopher of science to 
teach HPS at Leeds: prior to that, philosophy of science was taught to 
undergraduates, but it was taught by historians like myself who were ama¬ 
teurs and self-taught and were not doing research in philosophy of science. 
And it is good to see that the balance is better now, even Stevens - sorry for 
the joke; and it’s been made even more even, now that Ellen Clarke has 
arrived, a specialist philosopher of biology whose first encounter with her 
special field was probably as an undergraduate at Leeds in an amateurish 
course of mine. 
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0.2 Trends in iHPS 


0.2.1 Do you think there are trends in iHPS? 

Trend is a good word, because it has a serious meaning, and we know that 
there are trends. But it also has a slightly derogatory meaning, where to say 
that someone is being trendy is a bit of a put down. I was once told that 
trends in HPS last around eight years, but of course, some, not always the 
best ones, last quite a lot longer than that. 

I’ll give you an example of a trend: twenty or thirty years ago, people 
started talking about the body, and there was a volume of essays put out on 
science incarnate, a volume all to do about how the bodies of scientists influ¬ 
enced their practices, and obvious examples. Dalton was red-green colour 
blind, and maybe this makes a difference to the way that he did science. I 
think that body-language trend burned itself out in around eight years, and 
now it sounds rather old fashioned to talk about the body. The language came 
much more from history of science than philosophy of science: people talked 
a lot about the body politic in the 1970s and body talk became fashionable in 
a number of areas, and I think that this is a fashion or a trend that has gone; 
it was useful in its day. 

I would say the biggest long-run trend that I have witnessed, is the decline 
and fall of positivism in the English-speaking world. Of course, the foremost 
form of positivism that was dominant in the English-speaking world was 
logical positivism, Vienna circle positivism, that really was very dominant in 
the 1950s: it dominated in the philosophy of science and was influential in the 
history of science. Logical positivism was analytic philosophy of science and 
had arisen partly as part of the Gottlob Frege-inspired analytic swing away 
from late nineteenth century Hegel-dominated idealist philosophy. 

A leading logical positivist was Rudolph Carnap, one-time student of Frege. 
He once spent some time at Harvard; and, legend has it, when he arrived, 
Bernard Cohen did the decent thing as the main man there in the history of 
science and invited Carnap to give a talk in one of their History of Science 
seminars; and Carnap, who was one of the nicest guys ever, said spontaneously 
that he would be very happy to do that. Also, one of the most honest guys ever, 
a few days later he got in touch with Cohen and said that he should not have 
accepted the invitation because he had no interest in the history of science. And 
that was probably around the mid-50s. Now, fast forward ten or fifteen years 
only, and almost no young philosopher of science would say that he or she had 
no interest in the history of science; and it is well known which Anglophone 
people were responsible for that shift: Stephen Toulmin, Thomas Kuhn, Russell 
Hanson, Paul Feyerabend, Imre Lakatos, and several others who intrigued and 
provoked logical positivist philosophers, and gave them something new to think 
about. Most of these historicist HPS pioneers had of course done important 
historical case studies and had theories about the long run of progress and 
change in science, and it quite quickly became widely thought that it was a 
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weakness of logical positivism as a philosophy of science, and of analytic 
philosophy itself, that neither had much to say about progress and change, 
and those historical issues. 

Even now, I find myself waging war against, if not logical positivist, but 
definitely broadly positivist views about Darwin, for example; and it was well 
said by Hilary Putnam that positivism is science’s philosophy in that it is the 
philosophy that scientists love best. And that’s no coincidence: it was designed 
in the nineteenth century to legitimate the new profession of science, and it 
does it in a very self-congratulatory way by holding that science has more 
authority and more scope than anything else. To put it crudely, as a positivist 
you could really claim that there is science and there is rubbish, and you are 
either doing one or the other. Only scientists should be judging and planning 
science, and that’s music to scientists’ ears and often leads to a very triumphalist, 
internalist and Whiggish history of science. I won’t name names, but I would be 
prepared to say that there are a number of people of good reputation who are 
Darwin buffs and who are still listening if not dancing to that tune. 

But of course, among professional philosophers of science, positivism in all its 
forms, including logical positivism, has simply not been a career option for dec¬ 
ades now. There was reputedly a famous moment I think in the early seventies, 
when someone, Clark Glymour I believe, was accused at a philosophy of science 
meeting in the USA of being a logical positivist, and he stood up and announced 
that he was happy to be labelled a logical positivist, and the whole room rose and 
applauded, not because they thought it was a good thing, but because it was a 
gutsy move to make at the time. 

So, yes, I would say that this movement away from logical positivism has 
been a very big trend and consequential change, as is evident from the atten¬ 
tion now given by historians of the philosophy of science to the rise and fall 
of that whole way of thought. 


0.2.2 Do you think there are geographic and linguistic influences upon trends 
within iHPS? 

There’s a way of looking at this question which is geographic and historical. I 
am prepared to say that after about 1800, all Western philosophy has been 
predominantly Germanic, and that includes Austrian. And so, what are the 
great divides? Well we are often told that there is a great divide between 
continental philosophy and analytic philosophy. In fact, insofar as that is a 
division, it really is one that exists within Germanic traditions. To put it in a 
nutshell, what we call continental philosophy looks more to Hegel and Frie¬ 
drich Nietzsche than it does to Gottlob Frege and to Moritz Schlick. What 
we call analytic philosophy looks to this latter pair of figures. All those are 
Germanic names, and I'm sorry to say things which dent Anglophone self- 
respect and indeed French self-respect, but if you look at the big names of 
French philosophy, then they are all drawing massively on Hegel, Nietzsche, 
Husserl and Heidegger and so on, and throughout the last century in Paris 
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they have almost all agreed that they don’t want to know about Frege and 
Schlick and Carnap, whereas in the Anglo world, Frege and Wittgenstein, 
another Germanic name, they are the fathers; and I would say that a big shift 
in the English speaking work is that it no longer costs you career points to 
have a copy of Nietzsche sticking out of your briefcase, as it would forty years 
ago, when I first started working in this department. 

0.3 Different traditions and methods within iHPS 

0.3.1 What are your thoughts on iHPS’s traditions? 

I’ve been impressed when looking at some of the recent literature on inte¬ 
grated HPS, that there is what I think is a very healthy pluralism. Let’s take a 
book like Jean Gayon’s book, Darwin’s Struggle for Survival : Jean is the 
grandchild of Canguilhem, because intellectually he’s a child of Francois 
Dagognet who was Georges Canguilhem’s pupil. But I’m reliably informed 
that Imre Lakatos was a considerable influence on that book. Who was 
Lakatos? Well he was Popper’s successor, and you could say that he was a 
Hungarian Popperian, but he was also a Hegelian due to his Hungarian 
education. And as a Hegelian he was very much a historicist; he was famous 
for saying that all theories are born refuted, and they need to get over those 
initial refutations, and that’s how Jean tells the story of the theory of natural 
selection - that it was not a reasonable theory to accept in 1859, it only really 
becomes reasonable to accept it in the twentieth century: so then why did it 
survive until it could become acceptable, and why didn’t it die in its first 
refuted form? The answer is that people thought it had promise, and they 
were working on refuting the refutations, but they only succeeded on refuting 
the refutations in the twentieth century. 

Now that is an example of a historiographical-philosophical tradition, if 
you like, and a stance that is rather different from anything Whewell ever 
came up with, and anything that may have been done in the English-speaking 
world. Jean Gayon’s stance is an interesting synthesis, if you like, of Lakatos’s 
combination of Germanic Popperianism with a residual Hungarian-Germanic 
Hegelianism and the French tradition influenced by Canguilhem. 


0.3.2 What do you think about methodologies within iHPS? 

I’ve struggled with this issue of methodology; I’ve not signed up with 
Feyerabend in being against method, but it’s not a word I find myself 
applying to my own work, or the work of other historians, except in a very 
general way. I suppose two people could be said to differ in their method in 
integrated HPS, if one of them doesn’t really talk about people, doesn’t 
really talk about authors, doesn’t really talk about actors, but talks about 
concepts and texts, whereas the other person does talk about authors and 
actors and so on. That’s in a broad sense a methodological difference, a 
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matter of what you are going to let in to your account. And I’m on record as 
saying that I find the Canguilhemist tradition impoverished because it does not 
really allow for people, and institutions, and ideologies, to come into the story: 
in that tradition, the history of science is the history of concepts, that is the 
mantra. And if that’s a method stance, then I must say I find it that’s an 
impoverishing one. 

More and more I’ve come to the feeling that if methods carry with them 
prohibitions, then I’m against those methods; it seems to me that one thing we 
learn from doing the history of science is that sooner or later we may need all 
sorts of things to come in. In understanding why high energy physics went the 
way it did in the 1950s in the US, then you have to take the Cold War into 
account, and if we are interested in why Darwin went on the Beagle voyage, we 
have to look at who paid for that voyage (ultimately the British national gov¬ 
ernment) and what they were going to get out of it (informal imperialist and 
hegemonic commercial advantages). These are old fashioned, even vulgar 
Marxist questions, and none the worse for that; for if we just say that a Darwi¬ 
nian text came out of that voyage, then that’s very impoverishing. Camille 
Limoges, when a young Canguilhemist, wrote a remarkable book called Natural 
Selection, The Constitution of a Concept in which he goes through Darwin’s 
notebooks as though they weren’t written by anyone in particular, and they are 
just there and you can just watch this concept being constituted towards the end 
of notebook D, and it has nothing to do with who Darwin was inspired by or 
talking with at the time, what his ambitions were and who he was trying to 
impress and who he was trying to discredit. In other words, it’s history of science 
with the people left out. I don’t like leaving the people out. So, I have disagree¬ 
ments with historians who are wary of including stories about influences and 
intentions in their histories of science, because I think influences and intentions 
and especially influences on intentions are what make people interesting and 
intelligible. It’s like good journalism which tells you on Sunday why some poli¬ 
ticians did something on Tuesday. They were influenced in certain ways and had 
certain ambitions and goals, and you realise this is beginning to make sense. To 
me, if we are trying to make sense not of what some politicians did a few days 
ago, but what some scientists did several hundred years ago, then again, we want 
to take the influences and intentions into account. Post-modernism and post- 
structuralism have taboos across those areas, just as analytic philosophy and 
behaviourism and eliminative materialism do. 


0.3.3 What are the relationships between methods within iHPS and other 
branches of history? 

We always have to remember that many historians of science work in history 
departments. I’ve worked in history departments, and there’s quite a lot of pres¬ 
sure to recognise some of the traditions. For instance, in history departments that 
I was in in the 1960s and ’70s, the Annales view of history was hugely influential, 
and Ferdinand Braudel was the master. And it was inspiring stuff: one took the 
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long run into account, and I found myself using that phrase, because I had been 
asking how did Western philosophy and science get from Plato to Darwin - that’s 
a long run question. It’s a question that philosophers might come up with, but this 
business of the long run is associated for historians with the Annales school of 
history rather than with any philosophical school. 

There was of course a turn away from the long run of history during the 
1970s and ’80s. I remember once having lunch with a postgrad here and he 
was doing a study of nineteenth century Northern English natural history, 
and I reflected that he didn't seem to be interested in what social classes these 
people belonged to, and which social classes were losing, and which were 
winning power at this time. And he told me that his supervisor told him 
that he shouldn’t be interested in those questions because those questions 
were looking unprofessional in the 1980s. They looked like the kind of 
things that were written about by retired journalists who wrote popular 
history, big picture stuff that had class interests included. I’d like to think 
that this professional stance is no longer influential, and that to look 
professional you don’t need to be very narrowly focused and leaving out 
grand narratives and big pictures. 

0.4 Are there polarisations and divisions within iHPS? 

You could say that there is a contrast to be drawn within the history of 
science: some historians, when they’ve done their work, and it may not be 
deliberate, depict the authority of science as diminished, because science is 
shown to be subject to political or religious influences. To use the inevi¬ 
table word, when these people have done the history of science, relativism 
is the bottom line. Of course, by contrast, we have people who are openly 
philosophically motivated, and wanting to say: ‘No, you can immerse 
yourself in the history of science as a philosopher and still come out a 
realist and a confident progressive realist’, insisting that we can really 
show that we really do know more about the world out there than they 
did in King Charles’s or Queen Victoria’s time. 

There’s no question that that's a polarisation, but I don’t see that being 
acted out in the politicised way that went before. I remember a conversation 
in the early 1970s with a visitor to Pittsburgh, and we asked him why he was 
such an externalist - of course that was the buzzword then - and he said that 
we in the West are in a terrible perverse war in Vietnam, and he can’t go there 
and demonstrate on the streets, but at least he is trying to discredit this 
deference to science which is a component of the ideological and military 
warfare that is being waged in Asia. It was a salutary moment: he was 
trying to make us internalists (and I was one at that time) look reac¬ 
tionary and in denial about big issues of liberty and humanity and so on 
across the world. I have never quite bought the argument, but I feel it is 
one worth bearing in mind, even if HPS people don’t often get into these 
kinds of discussions these days. 



A keynote interview with Jon Hodge 15 

There was a version of that kind of thing in Paris in the 1970s, where if you 
took the intentions of an author seriously, then you were implicitly an 
authoritarian, and were probably far too tolerant of people like Francisco 
Franco, and far too tolerant of racism and so on - and you think: ‘hold on a 
minute, I’m taking seriously Darwin’s authorial intentions in writing the 
Origin. Does that make me politically out of order?’, and the answer at the 
time was yes, potentially it does. I think then that that kind of politicisation is 
no longer prevalent, but then I may be wrong: perhaps I no longer have beer 
with the right people in the evenings at conferences. 

0.5 How do you see the future of iHPS? 

Looking to the future: I’m optimistic because some views which were 
unhelpful no longer prevail. Some historians of science, in the late 1960s and 
’70s, said there really is a choice: we can assimilate ourselves to social theory, 
or we can assimilate ourselves to philosophical theory. Philosophical theory, 
they said, is outmoded, and probably illiberal: social theory is active and less 
oppressive, and we should go that way. The so-called strong programme of 
sociology of knowledge in Edinburgh took that view. And young people at 
that time took the view that they needed to decide between deferring to the 
philosophers or to the social theorists. At that time, I was at the University of 
Pittsburgh, and HPS there was very much signed up to Integrated HPS. At 
the other end of the state in Philadelphia there was a programme headed by 
the expat Yorkshireman, Arnold Thackray, which was very much signed up 
to the sociological stance, and I think Steve Shapin was there at the time. 

There was polarization, which we are mostly far away from now. I think 
Steven French will confirm this: that philosophers of science will not lose their 
licence today if they are found to be saying something friendly in a footnote 
about sociology of knowledge. Equally, social historians of science, or social 
theorists of science, don’t lose their friends and their licences if they make some 
points about the reductionist tradition in the philosophy of science, and how it 
influenced molecular biology in the 1970s. And that is I think very healthy, and 
it is one reason I am very optimistic about the future. It could be of course, that 
things take one of those unhealthy turns in the future, and young people are 
told that they had better decide which side they are on, this side or that side, 
and if it’s this side, our side, then here’s the list of things you don’t do. 

To speak crudely once more: some history of science leaves out the people, 
some leaves out the science. Neither of these omissions looks good and for two 
obvious reasons. First: much of the interest many of us have in the history of 
science is there because we are intrigued by the challenge of understanding both 
the people and their science by relating them to each other; and second, in 
attempting this we are fascinated by the extraordinary mix of things that may 
bear on that challenge: institutions, class structures, experimental instrumenta¬ 
tion, formal training, informal mentoring, family backgrounds, ideological and 
metaphysical alignments, forms of economic life, fieldwork, lab work, 
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mathematical skills, personality conflicts, war and peace, races, empires, etc., 
etc.: the inventory is endlessly extendible. And, because it is, the opportunities for 
hyphenating integrations of HS with other academic fields and disciplines are 
numerous and diverse and all the better for that. 

As aphoristic contributions to future prospects of healthy pluralistic stance 
and practices, let me offer, with apologies for their banality, a couple of further 
reflections. First, those people are right who say that just as contexts can 
enlighten texts, so the clarification of texts can point us to pertinent contexts. 
So textual and contextual concerns are mutually enhancing and not competing 
alignments. Second, let lots of hyphenations bloom. As implied already, it may 
be appropriate to move beyond the singly hyphenated HPS to multihyphenated 
ambitions, programmes, stances and so on. 

As an example, already crying out for multihyphenated recognition and 
labelling, let me mention one of my favourite societies. Over the last three 
decades or so I have gone to about half the biennial meetings of the Interna¬ 
tional Society for the History and Philosophy and Social Studies of Biology. 
It is a very comprehensive, pluralistic, organisation, and all sorts of people 
come with all sorts of interests, with all sorts of methods, points of view and 
axes to grind but all concentrating on biological topics and issues. At a 
minimum the label for what is promoted by ISSH, as it is known, would have 
two hyphens as in History -Philosophy-Social Studies of Biology. 

I’d like to see even more multi-hyphenating. And I am sure I will: sure, 
thanks, for example, to reading recently John Zamitto’s multihyphenated 
book - A Nice Derangement of Episternes - surveying critically historio¬ 
graphical, philosophical and social theoretical views of science from Quine to 
Latour. Among other favours this book has done me it has confirmed my 
feeling that being counter-suggestive can be useful sometimes. When some 
trend in History of Science has been fashionable I have usually reacted nega¬ 
tively; but then later when it has become unfashionable I tend to view it more 
positively, and to value it for emphasising important issues that have since 
dropped out of sight as more recent fashions have come to dominate. I have for 
example been through tins cycle regarding the strong programme in the 
sociology of knowledge which I now, unfashionably, find useful in countering 
what I regard as some over-rated current fashions. 

I have misgivings about academics whose identity depends too much on 
what they exclude, what they don’t do, because I think that’s unhealthy and 
unhelpful, especially in relation to teaching and to our public presentations of 
ourselves. It sounds banal, but I agree with those who hope things can 
become more, not less, inclusive. And I think that there are plenty of people 
around with that attitude, and that this will keep integrative, inclusive iHPS 
going long after its original Cold War motivations or its (Charles Percy 
Snow) bridging-the-two-cultures motivations have passed. It’s here to stay: I 
don’t fear for the future of iHPS. I reflect for example on Leeds HPS and on 
ISSH and on their strong links with each other, and, in reflecting on that and 
on much else besides, I am very optimistic. 
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In 1989 Larry Laudan penned a retrospective for the journal Studies in the 
History and Philosophy of Science appraising the state of the field of HPS 
twenty years after he and Gerd Buchdahl had together founded Studies. 
Laudan concluded that, while philosophers had generally come around to 
granting that a historically-informed philosophy of science is a valuable 
enterprise, 

many (perhaps most) professional historians of science have refused to see 
the point. Indeed, the distance between mainstream history of science and 
the philosophy of science is probably greater now than it has ever been, 
notwithstanding it being the case that many historians of science still take 
philosophical issues seriously. 

(Laudan 1989b, p. 12) 

The chasm that Laudan described separating the history of science (HS) from 
the philosophy of science (PS) arguably remains an institutional, disciplinary, 
and methodological reality today. That is not to say that this unintegration 
has sat comfortably with everyone. Since Laudan wrote his remarks in 1989, a 
number of impressive studies have defiantly bridged the HS/PS divide, in 
addition to special issues, edited volumes, conferences, and communities 
dedicated to a ‘hyphenated’ or ‘integrated’ history-and-philosophy-of-science 
(iHPS). 1 Despite these efforts, however, no clear consensus has emerged either 
about (1) what an ideal iHPS should look like or, more importantly, (2) how 
an iHPS might address the historical reasons for its unintegration. 

This chapter seeks to address both of these issues. In what follows, I pro¬ 
pose that an empirical science of science can provide a fresh approach to the 
field of HPS, capable of fruitfully integrating key components of both HS and 
PS." As evidence for this proposal, I will introduce the work currently being 
done by a community of scholars who have taken Hakob Barseghyan’s (2015) 
The Laws of Scientific Change as a starting point and the theoretical basis for 
an empirical science of science named scientonomy. My goal is therefore not 
only to articulate how scientonomy integrates HS and PS on a theoretical 
level, but to demonstrate precisely how this integration has already been 
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operationalised in the scientonomy community. A fundamental strength of 
Barseghyan’s work is that it offers a compelling historical hypothesis for why 
HS and PS are unintegrated, and crafts a theory of scientific change that 
explicitly redresses the causes of this unintegration. To make the case for sci¬ 
entonomy as an iHPS, I will begin by elaborating on the aforementioned 
historical hypothesis, arguing that the distance between HS and PS in the 
1960s was due principally to, on the one hand, the conflation of normative 
methodologies and descriptive theories of scientific change in the philosophy 
of science, and, on the other hand, the gradual acceptance of the dynamic 
method thesis. Next, I will sketch the ways in which scientonomy theoretically 
integrates features of HS and PS. Finally, I will provide practical examples of 
how the community of scientonomy has crafted an iHPS. 

1.1 HPS: integration and unintegration 

By the 1960s, universities from Princeton (1961) to Toronto (1967) were enthu¬ 
siastically establishing departments for HPS, gathering historians and philoso¬ 
phers of science together under a common administrative roof. Despite sharing 
office space and funding, the label 'HPS’ did not entail a shared approach to the 
history and/or philosophy of science. Indeed, while some scholars like Karl 
Popper, Imre Lakatos, Stephen Toulmin, and Thomas Kuhn laboured to weave 
history and philosophy of science together in their own ways - at least aiming at 
an integrated history and philosophy of science (iHPS) - HPS as a field seems 
never to have necessitated this approach. Ronald Giere (1973), among others, 
posited that the ‘marriage’ between HS and PS was nothing more than a 
‘marriage of convenience’. Kenneth Caneva’s recollection of Thomas Kuhn’s 
HPS department in Princeton in 1967 could just as easily have been spoken by a 
graduate student in an HPS department today: 

There was almost no contact between the [HS and PS] parts, let alone 
fruitful interaction. And no one seemed to care. When I think back on 
the situation, I suspect a tacit but strong attachment to a preoccupation 
with fostering a proper professional identity may have played a key role. 

(Caneva 2012, p. 49) 

Kuhn (1977) himself went further and argued that HS and PS cannot be 
practised at the same time. And while many today would doubtless agree that 
Imre Lakatos’ (1978, p. 102) creative appropriation of Kant - ‘Philosophy of 
science without history is empty; history of science without philosophy of 
science is blind’ - remains an excellent motto for any iHPS, few if any would 
agree that Lakatos’ strategy of rational reconstruction is a historically or 
philosophically adequate means of integration/ 

In the following subsection I will argue that a principal cause of the typical 
unintegration of HS and PS has been the conflation of two distinct philosophical 
projects: the search for a descriptive theory of scientific change and the search for 
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a normative methodology of science. To do so, I will first briefly describe the 
centrality of the static method thesis in the HPS practised from the end of the 
nineteenth century through to the 1960s. Second, I will demonstrate how 
the gradual acceptance of the dynamic method thesis posed a pivotal problem for 
the construction of a general theory of scientific change. Third, I will consider 
the implications of the dynamic method thesis and how the fate of both the 
normative and descriptive philosophical projects evolved. Finally, I will explain 
why the normative and descriptive projects have been uncoupled and will explore 
possible avenues forward. 


1.1.1 The static method thesis: HPS before 1960 

Generally speaking, historians and philosophers of science in the early 
twentieth century viewed science and its history as unique, progressive, and 
valuable. Some philosophers looked to science’s history to help them 
understand precisely what features of scientific inquiry had allowed science 
to become such a successful knowledge-generating endeavour. Late nine¬ 
teenth century philosopher William Whewell (1840, p. 1) characterised this 
early philosophy of science in The Philosophy of Inductive Sciences : ‘The 
Philosophy of Science ... [is an] insight into the essence and conditions of all 
real knowledge, and an exposition of the best methods for the discovery of 
new truths.’ For Whewell - and for many after him - PS’s task is both 
descriptive and normative: it uncovers and clarifies the essence of the scien¬ 
tific method, and ultimately proposes it as the best way of evaluating the¬ 
ories and establishing new truths. 

Pre-1960 HPS tended to understand the Scientific Revolution as the 
widespread employment of this best method of theory evaluation, the so- 
called scientific method, which they maintained was the cause and guar¬ 
antor of scientific progress. 4 While the precise criteria of the scientific 
method were debated among those in the HPS community, most scholars 
agreed that it was some form of hypothetico-deductivism, requiring 
empirical confirmation of theories’ predictions before those theories could 
be accepted. Notably, while it was believed that the scientific method had 
historically emerged and spread in the early eighteenth century, the 
method itself was understood as an epistemological means of justification 
with universal purchase, and this is demonstrated by science’s progressive 
history. In other words, while they agreed that the hypothetico-deductive 
(HD) method of science may have debuted definitively during the Scientific 
Revolution, any genuine advance in knowledge through history was 
thought to have been due to its employment. This explains why traces of 
the HD method were sought even in the works of medieval and Early 
Modern scientists such as Avicenna or Galileo. As such, the scientific 
method was understood as static (fixed, transhistorical), and as central to 
gaining justified knowledge today as it had ever been. The adoption of this 
static method thesis had three major consequences: 
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1 Since the method was understood to have remained fixed (that is, outside 
the process of scientific change), explaining the changes in science 
amounted to explaining the changes in scientific theories alone. It was 
the criteria of this fixed method which were conceived of as the motor which 
drove scientists and their communities to accept some theories and reject 
others. The challenge of crafting an adequate theory of scientific change, 
therefore, amounted to discovering and accurately articulating that singular, 
universal method of science. 

2 Historical episodes of scientific change could theoretically inform and correct 
the philosophical articulations of the method of science, and philosophers’ 
formulations of the method could help shed light on the logic of certain 
transitions in science’s history. Indeed, explaining any historical transition 
from one theory to another could be done by understanding how the criteria 
of the static method of science were employed by the scientists within the 
exigencies of a specific historical situation. (See Lakatos 1978.) 

3 Philosophical attempts to articulate the fixed method of science produced a 
number of theories of scientific method - methodologies. These methodol¬ 
ogies were meant to be both descriptive and normative, since they were 
supposed to both describe the criteria of the fixed method of science and 
prescribe the same criteria as the ones that we ought to employ if we want 
our knowledge to continue to advance (Nola and Sankey 2000, pp. 8-11). 


1.1.2 The dynamic method thesis 

By the mid-1960s, however, the foundations of the static method thesis had 
significantly eroded. The works of Kuhn, Ludwik Fleck, and N.R. Hanson, 
had begun to suggest that scientific change was not restricted to changes in 
theories, but rather that the expectations and criteria for theory assessment of 
science, that is the scientific method, had also changed through time. Later 
scholarship, from Laudan (1984), Paul Feyerabend (1975) and Dudley Sha- 
pere (1980), suggested that change in methods was almost as ubiquitous in 
the history of knowledge as change in theories. 

Historical investigations thus gradually concluded that the scientific 
method, far from being a set of immutable criteria that drove scientific 
change, was itself dynamic and changeable, located within - and therefore 
subject to - the process of scientific change itself. The building case for the 
dynamic method thesis raised issues for many philosophers and historians of 
science. After all, if there is not one set of criteria which transhistorically 
constitutes the logic of scientific change, then what could guarantee that the¬ 
ories change according to any logic all? Faced with the dynamic method thesis, 
one had three major options (Figure 1.1). 

While some accepted that there is no fixed and universal method of theory 
evaluation, many philosophers stuck to a version of the static method thesis 
(Option 1). Among many others, John Worrall insisted that despite all changes in 
specific methods (such as the transition from single-blind to double-blind trial 
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Figure 1.1 Dynamic method thesis 


method of drug testing presented below) there exists a more fundamental method 
which remains unchanged after all (the question is scrutinised in the famous 
Laudan-Worrall debate in the late 1980s; Laudan 1989, Worrall 1988, 1989). 

For scholars who agreed that the scientific method is dynamic - like 
Laudan, Shapere, Toulmin, and Ernan McMullin - the new challenge became 
demonstrating that the dynamic method thesis did not necessitate a cascade 
into relativism, or an admission that scientific change had no logic what¬ 
soever. To do so, these scholars posited that an adequate theory of scien¬ 
tific change must broaden its focus and labour to discover the mechanism 
by which both theories and methods change (Option 3). Interestingly, 
however, many of the earliest theories of scientific change which attempted 
to articulate such a mechanism (such as Laudan’s (1984) reticulated model) 
were still meant to be both descriptive and normative : they attempted to 
uncover not only how science does change, but how it ought to change as 
well. This being said, it became much less obvious how such a theory 
might have any normative force if individual norms (that is, methods of 
theory evaluation) changed through time. After all, if methods of theory 
evaluation do change though time, then the whole enterprise of explicating 
the one true method of science becomes extremely dubious. 

As Figure 1.1 illustrates, however, there is another option available to those 
who accept the dynamic method thesis: abandoning the search for a general 
theory of scientific change altogether (Option 2). This does not necessarily 
imply that changes in scientific theories and methods must be inexplicable. 
Rather, it opens the door to explaining changes in science (science’s theories, 
methods, organisation, etc.) in terms of processes not unique to scientific 
communities. Option 2 allows changes in science to be understood as tokens of 
the sociological, anthropological, or psychological type (but categorically denies 
that ‘science’ or ‘epistemic changes’ are somehow unique and deserving of their 
own theoretical framework). 
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I posited that one reason for the unintegration of HS and PS was due to a 
conflation of two distinct projects: the search for a descriptive theory of scien¬ 
tific change and the search for a normative theory of scientific change. If the 
method of science is understood to be common to all scientific communities - 
the singular ‘motor’ driving all theory change - then the historical project of 
describing this method simultaneously clarifies the method the current scientific 
community ought to employ: they are the same project. 3 But with the accep¬ 
tance of the dynamic method thesis, it became increasingly apparent that these 
projects should remain distinct. The mounting historical case for multiple and 
changing methods of science made the normative philosophical project much 
more difficult. How, after all, do we discriminate between better or worse 
methods, or determine the method the scientific community ought to employ 
today, if methods change with the exigencies of a community’s geography, cul¬ 
ture, or century? As a result, HS largely dropped the philosophically-informed 
normative theories they had inherited and, instead, adopted theoretical frame¬ 
works that purported to be merely descriptive, such as those provided by 
sociology and similar human sciences. The general failure of theories offered by 
scholars pursuing Options 1 and 3 made Option 2 - which is clearly divorced 
from a philosophy of science - a more reasonable choice for many historians of 
science. John Zammito (2004, p. 120) puts it well: 

[N]o single philosophy of science ... proved adequate to historical 
purposes ... No such philosophy of science has withstood fundamental 
[historical] criticism with much of its edifice left standing. That 
historians have been skeptical and selective with such a volatile fund 
of critical resources seems eminently sane in that light. 

The absence of an historically or philosophically adequate philosophy of sci¬ 
ence assumed by the choice of Option 2 led historians of science to a break 
from the normative bent of philosophies of science, and to a shift towards the 
choice of adequate descriptive theories, like those from sociology, anthropology, 
and psychology. This makes sense of the exodus of historians of science from 
PS to either the Sociology of Scientific Knowledge (SSK) or to the pursuit of 
micro narratives drawing from anthropology and ethnography: both can draw 
from purely descriptive theoretical frameworks, and are discouraged from 
imposing normative frameworks. 6 

But the adoption of Option 2 has usually been premised on the supposition 
that articulations of Option 3 are never able to adequately accommodate the 
nuances of history, or that they problematically prescribe a normative frame¬ 
work. Neither is necessarily true, however. For instance, despite past failures, it is 
completely possible for pursuers of Option 3 to craft a solely descriptive theory of 
scientific change that can accommodate the nuances of actual historical episodes. 
Whereas those who subscribe to Option 1, such as Lakatos, might explain the 
transition from Ptolemaic to Copemican cosmology as a triumph of the (fixed) 
hypothetico-deductive scientific method, 7 a scientonomic theory can show why 
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this transition actually satisfied the Aristotelian-Medieval method 
employed by the community of the time, while simultaneously insisting 
that the normativity implied by this conclusion would only have been 
binding in the European medieval context. 

The widespread adoption of Option 2, the abandonment of theories of 
scientific change, therefore seems to have been based largely on the historical 
inadequacy of previous attempts to pursue Option 3. Even though these 
attempts have purportedly articulated mechanisms that explain both the 
changes in theories and changes in methods , their normative formulations have 
not adequately mapped onto documented cases of scientific change in history. 
But despite the normative heritage of PS, Option 3 allows for attempts at 
purely descriptive theories of scientific change that capture both the changes 
of theories and methods. Perhaps HS and PS could join forces if a theory 
could successfully articulate changes in scientific theories and methods in a 
purely descriptive mode. 8 

1.2 A theory of scientific change: territories, mosaics, patterns 

The definition of a particular empirical science is often mapped onto a spe¬ 
cific domain or territory in the empirical world. For example, quantum 
mechanics is defined by limiting its focus to the smallest components of our 
physical universe and the technological systems that allow us to measure 
them; biology is defined by its focus on living beings and the physical pro¬ 
cesses which make life possible, etc. Empirical sciences largely function by 
observing how objects and processes change within their respective domains, 
and by producing and assessing theories based on the general patterns dis¬ 
covered within them. In principle, then, it is possible to limit our focus to epis- 
temic communities, and to further hone in on the theories they accept as the 
best available descriptions of reality, in turn, this leads us to the methods which 
they employ to assess which theories ought to be considered their best 9 Let us 
call an epistemic community’s web of beliefs and expectations - the set of its 
accepted theories and employed methods - its mosaic} 0 By tracking the chan¬ 
ges in a community’s mosaic - its accepted theories and its employed meth¬ 
ods - it is possible to uncover general patterns unique to this domain of reality, 
should they present themselves. 

Indeed, when we thus focus our attention on changes in mosaics, general 
patterns do emerge despite diverse historical and cultural contexts. It is 
precisely these patterns in the mosaics of epistemic communities which form 
the foundations of Hakob Barseghyan’s general theory of scientific change. 
To help introduce this general theory, and the science of science which it 
helped inspire, let us consider a few such patterns from the history of science 
itself, beginning with a sketch of the history of medical drug testing: the 
transition from controlled trials to double-blind trials. This case will help 
illustrate how methods of theory evaluation change through time in an 
orderly fashion. 
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The main goal of the medical drug testing community is to determine 
whether or not a particular drug is therapeutically effective. Were they to 
consider whether a certain antidepressant is therapeutically effective or 
not, therefore, they would be assessing the theoretical claim: ‘'Anti¬ 
depressant X is therapeutically effective.’ Suppose that a particular com¬ 
munity of medical drug testers is well aware of the fact that simply giving 
a group of depressed people the drug and waiting to see improvement 
would be an insufficient trial, since they know that improvement (or its 
absence) can be due to effects unaccounted for by such a study (the diet, 
relative health, or level of physical activity of the participants, for 
instance). This community therefore tests the theory Antidepressant X is 
therapeutically effective’ by dividing its trial participants into a control 
group, which does not receive Antidepressant X, and the variable group, 
which does. If the variable group’s improvement is markedly better than 
that of the control group, the community can accept the theory about the 
therapeutic efficacy of Antidepressant X. 

Suppose, however, that this community then learns about the placebo effect. 
The question then arises: when testing the drug’s next iteration (Anti¬ 
depressant Y) and after having learned about the placebo effect, would a 
controlled trial now suffice to satisfy the expectations of the community that 
the theory Antidepressant Y is therapeutically effective’ is the best available 
theory? No. Upon learning about and accepting the possibility of the placebo 
effect to influence assessments of the drug’s efficacy, the community would 
likely devise a means of forestalling or minimising the impact of the placebo 
effect. In this case, let us assume that the community implements this new 
expectation by devising the single-blind trial, veiling from participants whe¬ 
ther they are part of the variable or control group. Should Antidepressant Y 
prove therapeutically effective after single-blind trials, the community would 
accept the theory about Antidepressant Y’s efficacy. 

Suppose that this community then learns about and accepts the reality of 
experimenter’s bias before testing the drug’s next iteration, Antidepressant 
Z. Certainly a single-blind trial would no longer be sufficient to accept the 
drug’s efficacy. The community devises a double-blind trial to mask the 
identity of the variable and control groups from both those administering 
the drugs and the trial participants, thus forestalling the influence of 
experimenter’s bias. Should Antidepressant Z prove therapeutically effective 
after double-blind trials, the community could accept the theory about the 
drug’s efficacy. 

While obviously idealised, this brief thought experiment tracks onto the actual 
history of drug trial testing and helps to demonstrate how the expectations of this 
community change when they accept new theories (Figure 1.2). 11 In fact, it seems 
that the relationship between new methods and new theories is a logical one. 

Framing this insight in terms of the community’s mosaic, therefore, we can 
articulate the first general pattern of scientific change regarding the employment 
of new methods: 
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Figure 1.2 Relationship between new methods and new theories 


Method Employment: A method becomes employed only when it is 

deducible from some subset of other employed methods and accepted 
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theories of the time. 

This mechanism seems to capture changes in methods on any scale and in any 
period of history, from the relatively minute changes in requirements illustrated in 
the history of drug trial testing, to the employment of the hypothetico-deductive 
(HD) method at the dawn of the scientific revolution (Barseghyan 2015, pp. 133, 
143, 148). Indeed, the HD method can be shown to be a deductive consequence 
of theories in Cartesian and Newtonian science: if all natural phenomena are 
ultimately caused by the complex interactions of matter in ways that are not 
immediately apparent or intuitive, then without direct observation of these 
mechanisms it is in principle possible to posit an i nfini te number of post-hoc 
explanations for phenomena. The new HD method incorporated these assump¬ 
tions, and its requirement for co nfir med novel predictions helped curtail post-hoc 
explanations. 

Considering how Rene Descartes’ natural philosophy became accepted by 
the scientific community will help illustrate another regularity in mosaics’ 
change. In his Discourse on Method and Meditations on First Philosophy, 
Descartes (1637, 1641) builds his natural philosophy and his approach to the 
material world from a foundation of intuitively graspable truths, such as his 
famous cogito and his claim that the only essential feature of matter is 
extension. It was precisely due to Descartes’ presentation of his science as a 
system of deductive consequences of clear and distinct truths that his science 
satisfied the Aristotelian-Medieval method of the scientific community of the 
time. For the Aristotelian-Medieval community, a theory was acceptable if it 
was intuitively graspable by an experienced person, or if it followed logically 
from other accepted intuitive truths (Barseghyan 2015, pp. 143-145). 
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Descartes’ science became accepted on the Continent - not due to its empirical 
success or by confirming any novel predictions - but by satisfying the expectations 
and criteria for theory assessment of the scientific community of his time. As 

1 O 

Barseghyan demonstrates with a number of other historical examples, ’’ this is one 
instance of a regularity in mosaics’ change, and can be articulated as follows: 

Theory Acceptance: In order to become accepted into the mosaic, a 
theory is assessed by the method actually employed at the time. 

(Barseghyan 2015, p. 129) 

These two mechanisms, the mechanism of method employment and the 
mechanism of theory acceptance, are two of four such fundamental regula¬ 
rities which constitute the foundation of a general descriptive theory of sci¬ 
ence: the four laws of scientific change (Figure 1.3) (ibid., p. 123). 

As a general descriptive theory of scientific change, these laws should be 
applicable to any epistemic community’s mosaic in any culture, at any time. 
The choice of the term daw’ is not meant to suggest that these specific for¬ 
mulations are immune to correction, nor does it commit those who accept the 
theory to a robust understanding of the ontological status of said laws’ (this 
remains an open question for the theory). But ‘law’ does evoke a sense of 
transhistorical permanence and axiomatic systematicity, and intentionally so: 
the community of scholars working on this theory have derived 23 additional 
theorems from the laws, which have been used to discover and to understand 
other features of the process of scientific change. 14 

For instance, the sociocultural factors theorem contributes to a long debate 
in HPS as to whether sociocultural factors can (or ought) to be part of theory 
assessment. Derived from the second law, the sociocultural factors theorem 
states that these factors can affect theory assessment provided they are part of 
the method of the time. This does not rule out the influence of sociocultural 
factors a priori, as the positivists had, but rather makes their impact an 
empirical question for historians of science. 13 This historical sensitivity is also 
showcased in the contextual appraisal theorem, which was derived from the 
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Figure 1.3 Four laws of scientific change 






Scientonomy 29 

first and second laws of scientific change. The theorem emphasises that theories 
are only accepted or rejected in a specific mosaic following an assessment by 
the employed method of that mosaic (not by a method or set of requirements 
foreign to it). Simply, theories are assessed by that community’s norms, not our 
contemporary ones. 16 We could avoid the tired anachronistic retelling of the 
Galileo affair (the freethinking scientist persecuted by the dogmatic anti-science 
establishment; Dreger 2015, pp. 11-18) if we appreciated the lesson of the 
contextual appraisal theorem: Galileo’s case for a heliocentric cosmology did 
not appeal to the method employed in sixteenth century Italy, namely, the Aris¬ 
totelian-Medieval method of intuitive truth. Galileo was not punished for being 
scientific, he was punished for not being scientific enough. 

1.3 Scientonomy: integrating HS & PS 

By focusing on the domain of communities’ mosaics and describing the reg¬ 
ularities found therein, the theoretical framework developed around the laws 
of scientific change lays the groundwork for an empirical science of science, 
relying heavily on the history of science and effectively naturalising a philo¬ 
sophy of science. The idea of transforming HPS into an empirical science of 
science has been suggested before, but there are few examples of it in prac- 

\ H 

tice. The community of scholars that has committed to using Barseghyan’s 
theory in historical investigations and developing the theory further has 
dubbed their science of science scientonomy. 

The clearest way that scientonomy represents a reintegration of PS and HS is 
its explicit dependence upon both theoretical scientonomy and observational 
scientonomy. Like traditional PS, theoretical scientonomy seeks to identify and 
articulate the mechanisms which govern scientific change. Unlike traditional 
PS, however, theoretical scientonomy does not seek to answer the normative 
question of how science ought to proceed. 18 (Theories about communities’ 
norms are not necessarily normative theories.) Observational scientonomy has 
the entire past and present of science and scientific change as its domain, much 
like today’s HS. Whereas contemporary HS either adopts theoretical frame¬ 
works from other domains like sociology or anthropology, or seeks to avoid 
overarching theoretical metanarratives altogether, observational scientonomy 
explicitly adopts scientonomy as its guiding theory. 19 While scientonomists 
might individually be better suited for either observational or theoretical sci¬ 
entonomy, observational and theoretical scientonomy are complementary and 
mutually imbricated, constituting the diastole and systole of the field’s life. 20 
This of course mirrors the mutual dependence between the theoretical and 
observational/experimental dimensions of other sciences, and especially the 
necessary synthesis of idiographic and nomothetic in historical sciences like 
palaeontology (Turner 2014). 

There is a sense in which the integration between PS and HS in scient¬ 
onomy is the result of a conscious embrace of what the philosophy of science 
has typically framed as a problem: the theory-ladenness of observations. 
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There is an explicit recognition that one cannot approach the history of sci¬ 
ence without a theory (even if unconsciously). And there’s an explicit recog¬ 
nition that this theory, being the product of fallible investigators, can always 
be improved and revised based on new information or approaches. Working 
together in the scientonomy community, historians and philosophers, obser¬ 
vational and theoretical scientonomists, have taken this general pragmatism 
and commitment to piecemeal improvement and operationalised it at the 
University of Toronto’s Institute for the History and Philosophy of Science 
and Technology. We will now turn our attention to the scientonomy workflow 
and the present and future opportunities produced by this version of an iHPS. 


1.3.1 The scientonomy workflow 

The scientonomy workflow is an iterative one, with each stage designed to 
contribute to the next, and with no proper point of entry (Figure 1.4). That being 
said, the seminar is the oldest component, and its discussions led to the 
implementation of the remainder of the workflow, so it will be my point of entry. 

The Seminar: The seminar introduces participants to the history of theories 
of scientific change and familiarises them with the theoretical foundations of 
scientonomy, all with the goal of producing a new list of open questions for 
theoretical and observational scientonomists to tackle. The seminar has run 
once yearly since 2013, and has produced 69 open questions to date. Open 
questions are then publicly listed on the online Encyclopedia of Scientonomy. 

2 2 

The Journal: - Scientonomy: Journal for the Science of Science is an 
open-access, peer-reviewed journal established in 2016 to ‘seek solutions to 
topical issues in theoretical scientonomy; apply the currently accepted theory to 
historical cases of scientific change’ and ‘engage in a philosophical analysis of 
the key concepts of scientonomy.’ Scholars interested in addressing any of the 
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open questions raised in seminars - or any other relevant topic - can submit 
their papers for review. In the interest of contributing positively to the devel¬ 
opment of scientonomic knowledge, each paper is required to include a list of 
suggested modifications for the community of scientonomy to assess. The 
modifications of published papers are then posted to the online Encyclopedia 
of Scientonomy to allow for public consideration and communal discussion. 

The Workshop: Should any suggested modification discussed by the commu¬ 
nity ever become contentious or in need of focused debate and discussion, there 
is the possibility of holding a workshop. Unlike typical academic conferences, 
where goals range from general presentations of research to networking, the 
workshop would be designed with the explicit intention of reaching a consensus 
regarding the problematic suggested modification. The scientonomy community 
has not yet had the need for a workshop. 

The Encyclopedia (Wiki): 24 The online Encyclopedia of Scientonomy is an 
easily accessible means of ascertaining the current state of scientonomic 
knowledge. As noted above, contributions from every stage of the workflow 
are regularly submitted to the Encyclopedia to serve this goal. Notably, the 
Encyclopedia has been organised and coded in a semantically meaningful way, 
facilitating data entry, data organisation, and data presentation. 2 ^ In many 
ways it is the most critical piece of infrastructure for the functioning of the 
current workflow. This foray into web design and database management, and 
the questions it has raised for how scientonomy itself is organised and pre¬ 
sented, has also helped to inspire the Tree of Knowledge Project, which I will 
discuss below. 

The iterative scientonomic workflow is meant to facilitate the study of sci¬ 
entific change by encouraging a piecemeal, transparent, accessible process that 
emphasises consensus building and problem solving. There should never be a 
question as to where the field stands with respect to a certain question, theory, 
or suggested modification, and the input and expertise of theoretical and 
observational scientonomists can make positive contributions at any stage of 
the workflow. Since the establishment of the Journal in 2016, 23 modifications 
have been suggested, and eight have been accepted by community consensus 
via the Encyclopedia. 


1.3.2 The workflow: success and promise 

It is worth considering a brief concrete example of the workflow in action. 
Intrigued by questions raised in the 2016 seminar regarding authority delegation 
between scientific communities, 26 Mirka Loiselle submitted a paper to Scient¬ 
onomy investigating the authority delegation structures between epistemic com¬ 
munities interested in the authenticity of the artworks of Amedeo Modigliani 
and Pierre-Auguste Renoir. In the case of Modigliani, Loiselle found that while 
the art market community had delegated authority to the catalogue raisonne 
compiled by expert Ambrogio Ceroni as the principal means of determining the 
authenticity of Modigliani's work, they had also evidently delegated authority to 
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the catalogue raisonne compiled by Marc Restellini in cases of paintings not 
found in C cron is." In the case of the authenticity of Renoir's works, Loiselle 
discovers a similar structure of multiple, hierarchical authority delegation, with 
the art market community delegating authority first to the Wildenstein Institute 
and then to the Bernheim-Jeune Gallery. These studies in the history of art 
authentication led Loiselle to suggest new models of authority delegation in 
addition to the results of her historical investigation - led explicitly by the theo¬ 
retical framework of scientonomy. After peer review, the paper was accepted and 
published in Scientonomy, and the merits of the suggested modifications (to 
accept the aforementioned types of authority delegation) are currently being 
discussed on the Encyclopedia. 

The relative successes of the online components of the workflow, namely the 
Encyclopedia and the Journal, inspired a vision for a larger, bolder, database- 
driven project provisionally named the Tree of Knowledge Project. Along with 
its system of laws, scientonomy has developed a robust taxonomy/ontology (with 
some help from the Encyclopedia project) with which it can describe a diversity 
of epistemic stances taken by different epistemic agents towards different epis- 
temic elements. 29 The combination of scientonomic theory and scientonomic 
taxonomy can allow for the building of an online database of epistemic com¬ 
munities, their theories, and their methods. Similar to other massive online 
database projects like the Open Tree of Life, the SIMBAD Astronomical 
Database, and the Database of Religious History, the Tree of Knowledge 
could allow users to survey the mosaics of epistemic communities across the 
globe and through history. Historians and philosophers of science would be 
some of the best equipped to undertake this project, and there are few scholarly 
communities it could potentially serve better than HPS. But as anyone who has 
ever designed a database knows, a shared taxonomy is necessary: there must be 
agreed-upon definitions for terms like epistemic agent, theory, method, accep¬ 
tance, etc. Because scientonomy’s taxonomy derives from an historically 
nuanced, non-normative theory of scientific change, scientonomy seems poised 
to take the lead on such a project/ 

Conclusion 

In this chapter I have demonstrated that a way in which HS and PS can be 
fruitfully united into one integrated discipline is by reconceiving them as the 
observational and theoretical components of a single empirical science of science. 
By outlining Barseghyan's theoretical basis for scientonomy and introducing the 
operationalised workflow of the burgeoning community of scientonomists at the 
University of Toronto, I have also provided a proof of concept of this kind of 
iHPS, and have suggested future opportunities for its growth. 

It certainly is not the case that scientonomy is the only way of integrating 
HPS, nor does it purport to replace all other PS and HS. For instance, as a 
descriptive enterprise scientonomy is silent on normativity in scientific change 
(how should science change?), and it also does not engage with the 
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fundamental metaphysics of science itself, both of which are still comfortably 
within the realm of PS (though these investigations should be historically 
informed). With respect to HS, since scientonomy’s theory mainly focuses on 
communities’ theory appraisal and method employment, its historical interests 
cannot (yet) extend much beyond them. There is still great value in historically 
investigating the biographies of individual scientists, scientific institutions, 
micronarratives, material cultures, theory creation, and laboratory cultures, for 
instance, provided one is conscious of one’s theoretical commitments, their 
strengths, and their weaknesses. 

In 2016 Larry Laudan penned another retrospective piece in Studies in the 
History and Philosophy of Science, this time with his wife, Rachel. In it, they 
reflect on the production and (relatively poor) reception of their Scrutinizing 
Science: Empirical studies of scientific change, but also comment on the 
potential for a re-emergence of an empirical iHPS. They conclude that they 

cannot help speculating what would happen if historians and philoso¬ 
phers of science followed their scientific colleagues from time to time, 
pooling expertise to work on a common problem. And we remain con¬ 
vinced that to flourish the meta-study of science must be self-reflexive, as 
ready to test its own claims as scientists are to test theirs. 34 

As the scientonomy community grows, perhaps they will not have to speculate 
much longer. 


Notes 

1 Jutta Schickore (2011, pp. 453 454) has compiled an excellent list of these contribu¬ 
tions to integrated HPS. Additionally, communities such as &HPS, the Committee for 
Integrated HPS, and the scientonomy community indicate a growing interest in iHPS. 
This volume, of course, is also the result of the postgraduate forum on ‘The Past, 
Present, and Future of Integrated HPS’ that took place at the University of Leeds in 
January 2017. 

2 As I will illustrate in Section 1.1, HPS is a term adopted by historians and philo¬ 
sophers of science to unify their different scholarly approaches to science under 
one administrative roof, which I sometimes call the ‘field of HPS’. A historian of 
science can theoretically ignore the methods, concerns, and lessons of the philoso¬ 
phy of science, and a philosopher of science can do the same for the history of 
science, and - working independently - they are still very much members of the 
field of HPS. iHPS, however, requires an intentional attempt to meld these two 
approaches to science, bringing the methods, concerns, and lessons of philosophy 
of science to bear on the history of science, and vice versa. So while all iHPS is 
HPS, not all HPS is (or needs to be) iHPS. 

3 Two classic examples of this unfavourable reception of Lakatos’ rational reconstruc¬ 
tions among historians are Stephen Shapin (1982), and Paul Feyerabend (1975). 

4 See Whewell (1949); A. Rupert Hall ([1954] 1966). 

5 See point 1 in section 1.1.1, above (p. XX). 

6 See Bloor’s riposte to Laudan on the topic of ‘normative rationality’ in David 
Bloor (1981), pp. 207-211; also, see Bruno Latour and Steve Woolgar (2013), 
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especially pp. 32-33. Other corroborating narratives include Gerd Buchdal (1965), 
and Lynn Nyhart (2016). 

7 See Imre Lakatos and Elie Zahar (1978). 

8 This descriptive project of course does not rule out the possibility that HS and PS 
can be fruitfully integrated in a way that is explicitly normative. For an excellent 
example of a Popperian, normative, historically oriented iHPS today, see Eugenio 
Petrovich’s Chapter 4 in this volume. 

9 While the term epistemic community is derived from the pioneering works of Karin 
Knorr-Cetina (1982; 1999), the working definition in scientonomy is simply ‘a com¬ 
munity that has a collective intentionality to know the world.’ Cf. N. Overgaard (2017). 

10 Epistemic communities and mosaics, like Ludwig Fleck’s Denkkollektiv and 
Denkstil, demonstrate a shared commitment to studying science as a social phe¬ 
nomenon. However, scientonomy’s clear delineation between theories and meth¬ 
ods - and the lawlike dynamics these elements historically display when so- 
delineated - sets this approach apart from those of Fleck or Thomas Kuhn. 

11 It is important to note that in Kaptchuk (1998) and Justman (2010) the shift to 
blinded or masked trials is always preceded by the acceptance of the placebo 
effect’s capacity to distort results. 

12 ’Mechanism of Method Employment’, in Encyclopedia of Scientonomy, https:// 
www.scientowiki.com/Mechanism_of_Method_Employment (accessed 15.04.2018). 

13 Some examples from Barseghyan’s The Laws of Scientific Change include: the 
acceptance of Einstein’s theory of general relativity (p. 130); the acceptance of 
Newtonian natural philosophy (p. 130); the rejection of Galilean heliocentrism (p. 
187); the acceptance of Cartesian natural philosophy in Paris despite the accep¬ 
tance of the Catholic doctrine of the Real Presence (pp. 191-195). 

14 The current list of derived theorems can be found here: ‘Theory of Scientific 
Change: Theorems’, in Encyclopedia of Scientonomy, https://www.scientowiki.com/ 
The_Theory_of_Scientific_Change#Theorems (accessed 15.04.2018). 

15 See Lakatos (1978), pp. 102, 114. 118-121. 

16 In Chapter 6 of this volume Massimiliano Simons marvelously describes the French 
historical epistemological tradition, whose understanding of scientific communities’ 
‘obligations’ (in Isabelle Stengers’ sense, and opposed to ‘requirements’) seems to line 
up quite well with what scientonomists mean by an employed method. 

17 See Donovan, Laudan and Laudan (1988), and compare with the Laudans’ ret¬ 
rospective in Larry Laudan and Rachel Laudan (2016). Ronald N. Giere (2012, 
pp. 60-61) has recently suggested a similar move towards naturalising the phi¬ 
losophy of science and empirically testing it. 

18 ‘Scientonomy’, in Encyclopedia of Scientonomy, https://www.scientowiki.com/Sci 
entonomy (accessed 15.04.2018). 

19 Ibid. 

20 Cf. Giere 2012, pp. 61-62. 

21 ‘List of Open Questions’, in Encyclopedia of Scientonomy, https://www.scientowiki. 
com/List_of_Open_Questions (accessed 31.05.2018). 

22 Scientonomy: Journal for the Science of Science , www.scientojournal.com (accessed 
15.04.2018). 

23 ‘Journal of Scientonomy’, in Encyclopedia of Scientonomy (25.6.2017), https:// 
www.scientowiki.com/Journal_of_Scientonomy )accessed 15.04.2018). 

24 Encyclopedia of Scientonomy, https://www.scientowiki.com (accessed 15.04.2018). 

25 Ibid. 

26 The definition of authority delegation in scientonomy is the following: ‘Community 
A is said to be delegating authority over topic x to community B iff (1) community 
A accepts that community B is an expert on topic x and (2) community A will 
accept a theory on topic x if community B says so.’ This was first suggested in 
Overgaard and Loiselle (2017), 11-18. 
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27 A catalogue raisonne is a document which lists all known, authenticated works 
of a particular artist, and is used as an authoritative document by both art 
experts and those interested in purchasing or selling artworks (the art market 
community). These works are authenticated using forensic dating techniques, 
the works’ provenance, and the connoisseurship of experts, family, and friends. 
Mirka Loiselle (2017), p. 42. 

28 The modifications suggested in this paper can be found on the Encyclopedia : ‘Loiselle 
2017’, in Encyclopedia of Scientonomy, https://www.scientowiki.com/Loiselle_(2017) 
(accessed 9.7.2018). 

29 ‘Ontology of Scientific Change’, in Encyclopedia of Scientonomy, https://www.sci 
entowiki.com/Ontology_of_Scientific_Change (accessed 15.04.2018). 

30 Open Tree of Life, https://tree.opentreeoflife.org/ (accessed 30.11.2017). 

31 SIMBAD Astronomical Database - CDS (Strasbourg), http://simbad.u-strasbg.fr/ 
simbad/ (accessed 30.11.2017). 

32 The Database of Religious History, https://religiondatabase.org/landing/ (accessed 
15.04.2018). 

33 ‘Tree of Knowledge Project’, in Encyclopedia of Scientonomy, https://www.sciento 
wiki.com/Tree_of_Knowledge_Project (accessed 15.04.2018). 

34 Laudan and Laudan (2016), p. 77. 
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2 Understanding past research practice: A 
case for iHPS 

Caterina Schurch 


Introduction 

Can the disciplines of History of Science and Philosophy of Science be 
successfully integrated and thrive together? Or would it be better for scholars 
with an interest in advancing our understanding of science to adhere to one 
discipline and pursue either historical analyses or philosophical inquiries? As 
the ongoing debate about Integrated History and Philosophy of Science (iHPS) 
proves, there is strong support for both arguments. On the one side there is the 
anti-integration camp: scholars who insist that the two disciplines be kept 
distinct and who regard iHPS as a ‘largely unsuccessful experiment’ or even a 
‘failure’ (Shapin and Schaffer 2011, p. xxi; Kuukkanen 2016). Pro-integration 
supporters, however, believe that history can help provide insights into philoso¬ 
phical problems, while scholarship in philosophy can improve historiography. An 
early example of pro-integration thinking is an anonymous mid-1940s memor¬ 
andum of Cambridge University’s Faculty Board of ‘Biology B’, which states 
that ‘the importance of History of Science lies not in learning the sequence of 
discovered fact, but in appreciating the evolution of Natural Philosophy and 
Scientific Method’. 1 

In the past, the iHPS debate has often focused on general statements such as 
that good history needs philosophy or that historiography can never result in 

'“y 

good philosophy. Rather than follow suit, I have turned the problem upside 
down and asked the following question: Are there metascientihc issues that 
would benefit from being examined in both historical and philosophical con¬ 
texts? In this chapter I argue that the problem of understanding past scientific 
research practice - that is, the particular way in which scientists processed a 
given research problem - is such an issue. In addition, I show that integrating 
concepts and methods from History of Science and Philosophy of Science is not 
a methodological crime and that integrating the two approaches advances 
metascience. 

In the first section of this chapter, I claim that integrating historical and 
philosophical analyses is an effective and legitimate way of solving research 
problems that fulfil the following criteria: firstly, they address questions 
pertaining to History of Science as well as to Philosophy of Science; 
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secondly, the two questions are interdependent, such that one cannot be 
answered unless the other is also answered. The real question is whether 
there are such metascientific research problems - particularly as critics of 
iHPS maintain that philosophers should not be allowed to write history and 
that historians cannot further philosophy. I argue that these difficulties are 
surmountable and demonstrate in the remainder of the chapter that iHPS 
studies are both feasible and desirable. In section 2, I maintain that the issue 
of understanding past research practice constitutes a suitable research pro¬ 
blem for iHPS, as it fulfils the criterion introduced in section 1: to explain sci¬ 
entists’ research practices, material, social and epistemic factors need to be 
considered together, which is why the input from both History of Science and 
Philosophy of Science is necessary. In section 3, I illustrate these claims with 
reference to philosophical work on the search for mechanisms in biology as 
well as historians’ accounts of research between the two world wars in the field 
of physico-chemical biology. I argue that mainstream History of Science and 
mainstream Philosophy of Science tend to leave interesting questions unan¬ 
swered - questions that iHPS scholarship can resolve. Tins bodes well for its 
future: philosophy offers a coherent set of epistemic goals and norms that can 
potentially explain how scientists in the past conceptualised and solved their 
research problems; historiography, on the other hand, can reveal whether or not 
the norms and goals discussed in philosophy were indeed pertinent to scientific 
practice. Finally, in section 4, I demonstrate how past research practice can be 
investigated in a manner that is both methodologically sound and relevant to 
historians and philosophers of science. 

2.1 The general structure of suitable research problems for iHPS 

The Committee for Integrated HPS stated, on the occasion of the group’s first 
&HPS workshop in Pittsburgh in 2007, that iHPS ‘is work that is both historical 
and philosophical’ and that the shared goal of understanding science ‘can be 

'J 

pursued by dual, interdependent means’. This section focuses on the general 
structure of research problems that are particularly pertinent to iHPS studies, 
with a view to explaining the concept of ‘interdependent means’. My argument 
rests on the idea that, by definition, iHPS is the method of choice for solving 
metascientific research problems that require historical as well as philosophical 
analyses. Since tins implies that iHPS involves interdisciplinary work, I have used 
concepts of cross-disciplinary collaboration in order to specify the characteristics 
of metascientific research problems suited for iHPS. 


2.1.1 Interrelated goals - the rationale behind integration 

Collaboration is commonly taken to be a consequence of goal inter¬ 
dependence. 4 As social psychologist Morton Deutsch puts it, people cooperate 
if their respective goals are positively interdependent. ‘If you’re positively linked 
with another’, Deutsch (2006, p. 24) explains, ‘then you sink or swim together’. 
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Admittedly, iHPS studies need not be the result of collaborative work between 
historians and philosophers: they may also be the work of individual scholars 
educated in the two fields and skilled in both methods. In either case, however, 
the objective of iHPS is to respond to historical as well as to philosophical 
concerns. I argue that this is reflected in the structure of research problems 
suited to iHPS as they draw attention not only to issues typically addressed in 
History of Science but also to questions discussed in Philosophy of Science. In 
the spirit of Deutsch's notion of cooperation, the two issues tackled in an iHPS 
study are interdependent in that we cannot answer one question without 
answering the other: They are linked in such a way that the probability of 
answering the question pertaining to history is positively correlated with the 
probability of resolving the philosophical issue. Integrating historical and philo¬ 
sophical methods to solve such a research problem is, therefore, not only 
effective but also essential. One may, however, voice doubts about whether 
there are in fact research problems that really address both historiographical 
and philosophical questions. In other words: Are there questions asked in His¬ 
tory of Science that can only be answered appropriately with the input of phi¬ 
losophy? And are there philosophical questions that would benefit from 
historical analyses? 

Many scholars are highly sceptical about this line of thought: history and 
philosophy are separate disciplines, they argue, with different metaphysical 
commitments, goals, norms and methods. 3 For them, iHPS is, at best, a waste 
of time. They believe that the two disciplines are irrelevant to each other in 
that historical analyses cannot effectively help us to answer philosophical 
questions, and vice versa. Some critics also maintain that integrating the two 
approaches hampers both philosophical and historical analyses, and thus 
impedes the overarching goal of understanding science. 6 The following is a 
brief survey of these anti-integration arguments. 


2.1.2 Doubts about the value of History of Science to Philosophy of Science 

Let us begin with the argument that History of Science is irrelevant to Phi¬ 
losophy of Science. Philosopher Joseph Pitt (2001, p. 373) holds that ‘even 
very good [historical] case studies do no philosophical work’. According to 
Pitt, philosophers ‘seek universals’ and are interested in the normative, that 
is, they aim to show what ought to be meant by x or y (ibid., p. 374). Phi¬ 
losophy’s goals cannot be achieved by studying history. Norwood Russell 
Hanson (1962, p. 581) has made a similar point, characterising Philosophy 
of Science as ‘an analysis and an appraisal of the rationale and logical jus¬ 
tification of scientists doing and saying what they do’. It moreover looks as 
if philosophers are disinclined to limit their accounts of science to what in 
fact happened in the history of science. Cassandra Pinnick and George Gale 
(2000, p. 114) point out that ‘philosophers allow virtually no empirical 
constraints to limit their free construction of examples’. So how could His¬ 
tory of Science ever be considered relevant to Philosophy of Science? 
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Critics further warn that scanning history for evidence to support phi¬ 
losophical claims ends up ruining philosophy: it encourages us to believe 
that a given philosophical account is supported or rejected by historical 
data. This reasoning is, however, severely hindered by the problem of 
induction. Even if we were to gather data from many different historical 
cases, we would not be in a position to draw general conclusions from 

^7 

them. Moreover, it is highly likely that scholars select historical cases that 
support their own philosophical interests and viewpoints. Thomas Nickles 
(1995, p. 141) compares the practice of undertaking case studies with Bible 
reading: Tf one looks long and hard enough, one can find an isolated 
instance that confirms or disconfirms almost any claim.’ Hence, iHPS 
studies reveal little about science but everything about our own pre¬ 
conceptions. 8 Taken together, critics do not see how the results of histor¬ 
ians can have an effect on philosophy as philosophical claims should not 
and cannot be based on historical data. 9 


2.1.3 Doubts about the value of Philosophy of Science to History of Science 

The main drawback of selection bias applies to historiography as well, for 
various philosophical accounts can be used to analyse history. Different 
philosophical accounts emphasise different aspects of science, so the 
resulting descriptions of historical events will diverge accordingly. 10 How 
does one decide between disparate, often conflicting historical accounts? 
According to Nickles (1995, pp. 140-41), historicists dismiss philosophers’ 
overall conception of scientific practice as ‘wrongheaded, indeed, well-nigh 
theological, otherworldly, and transcendent’, because philosophers con¬ 
stantly refer to reason, rationality and truth. However, historians, states 
Pitt (2001, p. 376), attempt to reveal ‘the social and intellectual factors 
that might be said to motivate the views expressed by the particular 
historical figure under consideration’. Indeed, the historian T. Pearce Wil¬ 
liams (1975, p. 253) has claimed that history written by philosophers 
resulted in ‘falsehood and bad scholarship’. According to both Pitt and 
Williams, imposing modern philosophical ideas on history distorts our 
reading of historical sources. Not without reason, therefore, are history 
students ‘routinely admonished to avoid anachronism at all costs’ (Jardine 
2000, p. 251). 

But why would one even come up with the idea of introducing Philosophy 
of Science to the study of History of Science? Historian Clayton Roberts 
(1996, p. 8) states that ‘historical knowledge concerns the concrete, the par¬ 
ticular, the unique’. Pinnick and Gale (2000, p. 113) go one step further, 
maintaining that ‘generalizations are not only unneeded, they are unwan¬ 
ted’. 11 Therefore, general philosophical analyses are not likely to advance 
history, since explaining particulars about the past is not philosophy’s 
primary objective (Pinnick and Gale (2000, p. 110). 
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To sum up, critics think it unlikely that integrating History of Science and 
Philosophy of Science can succeed because, firstly, answering the questions 
addressed by historians of science and philosophers of science implies con¬ 
trasting analyses, and, secondly, the lack of justification in the selection of 
historical cases and philosophical concepts clearly constitutes a methodolo¬ 
gical pitfall. They therefore conclude that it is impossible to produce work 
that contains good Philosophy of Science and good History of Science. In 
the rest of this chapter, I argue that this conclusion is premature and overly 
pessimistic. If we can manage to find research problems that fulfil the cri¬ 
teria introduced above, the matter of irrelevance disappears. The methodo¬ 
logical challenges connected with the selection of historical cases and 
philosophical concepts are, however, real - just as real as they are in any 
study carried out by historians and philosophers. Fortunately, the selection 
of cases and concepts can be justified, while the relationship between the 
particular historical cases and the more abstract philosophical descriptions 
is less troublesome than it might first appear. 

2.2 Understanding past research practice - a problem suited for iHPS 

Explaining why scientists carried out their research in a particular way 
requires undertaking work that is both historiographical and philosophical in 
nature. This metascientific research problem is particularly suitable for iHPS 
as it entails two interdependent questions that lie at the heart of scholarship 
in History of Science and Philosophy of Science. 


2.2.1 The historiographical question and its need for philosophy 

What kind of research was undertaken in biological laboratories in the 
Dutch East Indies around 1900? To what extent did the development of 
quantum theory depend on the earliest applications of quantum mechanics? 

1 O 

And how did researchers attempt to formulate, justify and criticise models 
of the photosynthetic reduction of carbon from 1840 to I960? 14 These are 
all examples of legitimate historiographical questions, the answers to which 
contribute to our overall understanding of how scientists researched a 
particular topic at a given time and place. 

But how can we explain the research activity of scientists? Gerd GraBhoff 
and Michael May (1995) argued that, in order to account for researchers’ 
actions, one needs to know their goals, capacities (that is, their abilities and 
resources) and the norms that guided their actions. These factors together 
explain action A, given that the following principle holds: If a researcher 
pursues goal G and believes, based on norm N, that action A is the best way to 
obtain G, and is capable of doing A, she will take action A. 15 Research actions 
are geared towards solving the research problem at hand (see Figure 2.1). So, 
in other words, the way historical actors conceptualised the problem they 
wished to solve determined their actions. 
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Figure 2.1 Schematic representation of how past research practice can be analysed and 

explained in terms of research problems. Research actions are directed 
towards solving the problem, whereas the problem is determined by the sci¬ 
entists’ resources, abilities, goals and norms. BArch, Bild 183-K1004 0002 / 
Helmut Schaar / CC-BY-SA 3.0. 


Researchers’ goals typically resonate with their discipline’s core concerns. 
In addition, we can expect that, from the wide range of principally interesting 
research questions, scientists choose those questions that they are capable of 
solving both in terms of infrastructure and technologies but also in terms of 
operational and conceptual know-how. 16 However, a research objective and 
the existing capacities together do not yet determine a research problem. The 
latter also defines what counts as an acceptable solution to the problem. 
Hence, understanding past research practice requires that we know to which 
epistemic norms the practitioners conformed. 

Some may wonder why philosophy is needed to work out the epistemic 
norms of the historical actors. Indeed, the claims made about researchers’ 
goals, norms, and actions must first and foremost be based upon historical 
evidence. Nevertheless, philosophy can contribute greatly to the analysis of 
history: philosophical training helps scholars to uncover assumptions and 
expectations in the writing and actions of scientists (Pitt 2001, p. 379). More¬ 
over, philosophical concepts can perform a heuristic function in historical 
research. 18 As Raphael Scholl and Tim Raz put it, ‘philosophical concepts 
provide particularly pertinent questions that relate to science’s core epistemic 
project’. 19 This applies especially to the objective of explaining past research 
practice, since the philosophical literature is filled with descriptions of abstract 
epistemic goals, norms and research strategies. Thirdly, I am inclined to argue 
for the integrative potential of philosophical concepts. Biophysicist Selig Hecht 
(1937, p. 227) wrote that ‘one of the satisfactions in applying a theory comes 
from its unexpected illumination of data which, though well known, have long 
remained obscure in their interpretation and unrelated to the rest of the field’. 
In section 2.3, I argue that philosophical accounts can play an analogous role 
by suggesting that there are connections between certain historical phenomena 
that historians have so far overlooked. 
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2.2.2 The question pertaining to Philosophy of Science and its need for 
historiography 

Let us now turn to the question asked in philosophy and its relation to the 
objective of understanding past research practice. Research actions are, as I 
have argued above, determined by epistemic norms. Identifying and explaining 
the norms that shape scientific practice, as well as carving out their premises and 
implications, are primary concerns of Philosophy of Science. In asking about 
norms, philosophers assume that researchers conform (perhaps unconsciously) 
to a set of standards relating to how to solve certain problems. A glance at 
history affirms this expectation. Researchers quite commonly specify the criteria 
that a satisfactory solution to a given problem should meet. Botanist Julius 
Sachs (1882), for example, wrote that ‘in our present state of knowledge, for¬ 
mative processes in plants cannot be reduced to physico-chemical processes’ and 
that the ‘chain of causes cannot be determined in detail’, thus leaving little room 
for doubt about the criteria that he believed satisfactory solutions to problems of 
plant morphogenesis should eventually ful fil . 

There are two different approaches to identifying epistemic norms. We can 
either derive them from some first principles or we can extract them from 
actual scientific practice, which is exactly what history offers philosophy: 
access to past scientific practice. - For Nickles (1995, p. 147), ‘history is a 
medium by which scientific precedents and test cases are made available to 
philosophy’. The disciplines of History of Science and Philosophy of Science 
are hence related in that the first provides data on research practice which can 
be used to assess philosophical claims about scientific inquiry. 21 In face of the 
criticism of this confrontational model, Scholl insists that the relationship 
between historical facts and philosophical theories should not be understood as 
a one-off confrontation. We do not frame general philosophical hypotheses 
which we test by their particular historical consequences. Nor do we generalise 
bottom-up from historical phenomena. Instead, iHPS studies move back and 
forth between what Hasok Chang has characterised as concrete (rather than 
particular) empirical exemplars and their abstract (rather than general) 
descriptions. -- Through such a ‘naturalised’ approach, it is possible not only to 
identify philosophical norms, but also to trace how they have changed over the 
course of history. - 

One could object, though, and claim that an a priori concept of science is 
needed to analyse past scientific research practice. However, there are 
alternatives. Nick Jardine (2000, p. 261) suggests making use of the fact that 
‘disciplines are regimes of organized behaviour inculcated and appropriated in 
educational institutions’. We can base our choice of historical actors on (con¬ 
tingent) historical criteria, such as actors’ affiliation to institutions or networks 
of communication (for example, universities, societies, respublica litteraria , and 
so on), on the application of particular methods (for example, systematic 
observation or the method of difference) and also on researchers’ contributions 
to particular research problems (such as planetary motion or heredity). 
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Another objection is that scientists are seldom philosophically consistent. As 
Nils Roll-Hansen (1992, p. 70) has pointed out, researchers ‘may change their 
epistemological and methodological views over time, or even hold conflicting 
ideas at the same time. Or their philosophical tenets may conflict with their 
actual scientific beliefs or behaviour’. Nevertheless, Roll-Hansen insists that it is 
possible to analyse how researchers’ methodological views guided their research 
practice. 

In conclusion, we can state that as far as the objective of understanding 
past research practice is concerned, the questions asked in History of Science 
and Philosophy of Science are positively interdependent. On the one hand, a 
comprehensive historical account of past research practice requires that we 
take into consideration the methodological and epistemic norms to which the 
scientists conformed. On the other hand, the more we learn about scientists’ 
conception of research problems, their research actions and capacities, the 
better we will be at discussing these norms. Explaining a historical actor’s 
research activity surely requires extensive historical source work and detailed 
philosophical accounts (see section 4). But the effort involved in producing 
iHPS studies is of great value. The next section argues that iHPS work pro¬ 
vides insights into issues untouched by mainstream History of Science and 
mainstream Philosophy of Science. 

2.3 Research in physico-chemical biology between the two world wars 

Both History of Science and Philosophy of Science deal with, among other 
things, the research practices of scientists. However, the two disciplines focus on 
different, barely overlapping aspects of this topic, and cross-references between 
the fields are few and far between. 24 As a result, historical and philosophical 
analyses tend to leave some interesting questions unanswered. To illustrate this 
point, this section reviews two separate debates held within the fields of History 
of Science and Philosophy of Science, roughly from the mid-1970s until the pre¬ 
sent time: the historiographical discussion about the so-called ‘new biology’ and 
the causes for its emergence during the first decades of the twentieth century, and 
the debate about mechanistic explanations, which gained momentum in Philo¬ 
sophy of Science around the turn of the twenty-first century. Integrating these 
analyses promises to advance our understanding of research in physico-chemical 
biology in the 1920s and 1930s. 


2.3.1 Establishment of interwar biochemical and biophysical research 

Between the two world wars, researchers, science managers and philanthropists 
on both sides of the Atlantic promoted the introduction of physical and chemical 
methods into the field of biology. Publication platforms, such as the Journal of 
General Physiology and Monographs on Experimental Biology, were founded for 
researchers interested in ‘explaining life from the physico-chemical constitution 
of living matter’ (Anonymous 1918, p. 217). Chairs and programmes for this 
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kind of biology were created at several universities from the mid-1920s onwards, 
among them Cambridge, Columbia, Harvard, Princeton and Stanford, - while 
institutions devoted to research at the intersection of biology, chemistry and 
physics were established in, among other places, Dahlem, Pasadena, Paris and 

O A 

Copenhagen. 

Researchers working in these new laboratories used instruments and concepts 
developed in the physical sciences to address problems that traditionally had 
been worked on in physiology, as they believed that this would lead to progress in 
their respective fields. - Physiologist Josef Gicklhom (1927, p. 92, my transla¬ 
tion), for example, claimed that ‘taking into consideration chemical as well as 
physical methods, laws and theorems in biology’ was ‘an absolute necessity and 
the most productive guiding principle for research’. Collaborative work between 
physicists, chemists and biologists became the rule at several newly established 
research institutions. On the occasion of the inauguration of the Institut de 
Biologie Physico-Chimique in Paris in 1930, biochemist Yvonne Khouvine 
(1930, p. 1051) explained that biology, physics and chemistry would be ‘united in 
a single organization and thus be employed jointly in the study of problems 
which they could not solve separately’. A few years earlier, geneticist Thomas 
Hunt Morgan had similarly called for cross-disciplinary collaboration between 
biologists, chemists and physicists; in his view, biologists were needed in physical 
laboratories and physicists in biological laboratories. - Fritz Kogl (1930, p. 84), 
in his inaugural lecture as Professor of Organic Chemistry at Utrecht University, 
pointed out that ‘to attack the difficult problems of the future, [organic chemists 
and biologists] must join forces’. Shortly afterwards, Kogl’s group began colla¬ 
borating with Friedrich Went, Utrecht’s Professor of Botany, whose laboratory 
had long been studying plant movement and plant growth. - 


2.3.2 Historians on the role of mechanistic thinking in interwar physico¬ 
chemical biology 

Historians of science have shown an interest in physico-chemical biology and in 
the institutional policies that governed its implementation. Some have inter¬ 
preted biologists’ interest in collaborating with physicists and chemists as an 
attempt to establish biology as a proper science. For example, Garland Allen 
(2005, pp. 280-81) has described the mechanistic conception of biological 
phenomena as a strategy used by young biologists in the first decades of the 
twentieth century to distance themselves from old-fashioned natural history and 
its non-testable hypotheses. Others have emphasised the role of philanthropic 
institutions, particularly the Rockefeller Foundation and the director of its nat¬ 
ural sciences division, Warren Weaver. ’ 0 According to Robert Kohler, physicists 
and chemists were driven to address biological problems for financial reasons: 
researchers from the physical sciences collaborated with biologists to acquire 
funding for expensive instruments which otherwise they would not have been 
able to afford. In the resulting research collaborations, Kohler (1991, pp. 304-5) 
wrote, ‘physical scientists provided technical services, and biochemists or 
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biologists the problems’. More recently, Michel Morange (2007, p. 108) has 
pointed to the larger political dimension of the philanthropic support of the 
biological sciences, referring to a widely shared notion in the 1930s that 
biology should provide solutions for social problems. 

Some scholars have also made references to certain research strategies and 
scientists’ methodological norms. Evelyn Fox Keller, for example, has con¬ 
cluded that the introduction of physics to the held of biology in the 1930s led 
to a transformation of language, focus and methodology. According to Fox 
Keller (1990, pp. 406-7), this transformation resulted in an entire new set of 
beliefs - among them the belief in ‘a particular kind of (linear, causal) 
mechanism’. Mechanisms also play a role in Daniel Kevles and Gerald Gei- 
son’s (1995, p. 101) account of the experimental life sciences. In particular, 
they have ascribed the privileged status of fields such as biochemistry and 
neurophysiology in the 1930s to these disciplines’ ability to demonstrate the 
‘fertility of the mechanistic approach to biological problems - specifically, by 
showing the extent to which extremely complex events ... could be explained 
by or “reduced to” electrical-chemical and other basic physical concepts’. 
Soraya de Chadarevian and Harmke Kamminga (1998, p. 5) have emphasised 
that researchers who ‘reduced bodily functions to the interplay of molecules’ 
made efforts to develop technologies ‘to measure and monitor molecules in 
the body’. However, usually historians did not specify in detail what the belief 
in causal mechanism implied or why exactly it was believed that in fields like 
biochemistry biological phenomena were, in fact, successfully reduced to 
physico-chemical concepts. Some philosophers of science, by contrast, have 
endeavoured to clarify these issues. 


2.3.3 Philosophers on mechanisms and scientific practice 

More than forty years ago the philosopher William C. Wimsatt (1976, p. 671) 
claimed that most biologists ‘see their work as explaining types of phenomena by 
discovering mechanisms’, and that this is referred to as reduction. William 
Bechtel and Andrew Hamilton (2007) have, more recently, specified the way in 
which mechanistic explanations are reductive. They characterise mechanisms as 
entities and activities organised in such a way that they are responsible for the 
phenomenon to be explained/’ Now, putting forward mechanistic explanations 
is reductive in that it involves ‘decomposing the system responsible for a 
phenomenon into component parts and component operations’ (Bechtel and 
Hamilton 2007, p. 405). The new mechanical philosophy thus focuses on an 
abstract research goal: the objective of discovering how the phenomenon of 
interest is produced. By specifying what constitutes an adequate description of a 
mechanism, philosophers outlined a number of general epistemic norms. 

Assertions about scientific practice were able to be made from this character¬ 
isation of mechanisms - inferences that were justified by the assumption that ‘in 
the discovery of mechanisms, the product shapes the process of discovery’ 
(Darden 2017, p. 264). Philosophers inferred, for instance, that, in order to put 
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forward an explanation, researchers have to identify the entities and activities of 
the mechanism, assign entities to activities and show how these components are 
organised, so that, under specific contextual conditions, the mechanism produces 
the phenomenon to be explained (Bechtel 2009, p. 553). Philosophers also iden¬ 
tified a series of reasoning and experimental strategies to guide the discovery of 
mechanisms. ~ These strategies are abstract descriptions of research actions which 
help scientists find the mechanism responsible for the phenomenon of interest - 
that is, they help scientists achieve the goal of explaining a biological phenom¬ 
enon in an acceptable way. Last but not least, mechanistic research is claimed to 
have an integrative effect. According to philosophers Carl Craver and Lindley 
Darden (2013, pp. 162-3), the ‘integration of biology is forged by building 
mechanism schemas that ... satisfy evidential constraints from many areas of 
biology (chemistry and physics too)’. Since different fields are suited to the study 
of different kinds of evidential constraints, the search for mechanisms promotes 
interfield integration and collaborations across disciplinary boundaries. 

In conclusion, the debate on mechanisms held over the past twenty years in 
Philosophy of Science covers many of the topics raised in historians’ analyses 
of interwar physico-chemical biology. However, the significance of the new 
mechanical philosophy is based on the assumption that the search for 
mechanisms was (and still is) important in actual scientific practice. This 
assumption cannot be supported by philosophical considerations alone. 
Rather, historical evidence - for instance, from biophysical and biochemical 
research which was carried out in the 1920s and 1930s - is better suited to 
substantiating such a hypothesis. 


2.3.4 Unanswered questions and the promise of integration 

Historians and philosophers of science have engaged extensively with 
physico-chemical biology and mechanistic explanations. Nevertheless, some 
interesting questions remain unanswered. Firstly, it is not precisely known 
where, when and how researchers came to pursue this type of research. 
Craver and Darden (2013, p. 3), for instance, were unable to uncover in 
their recent research ‘just when and how this mechanistic view of science 
entered the different fields of biology, specifically, and precisely how the idea 
of mechanism came to so thoroughly triumph as a way of thinking about 
explanation in biology’. Secondly, the philosophical literature provides 
more of a sketch of an account of scientific practice than a comprehensive 
analysis. There is still much to learn about the conceptual, material and 
social preconditions and implications of mechanistic research. Historical 
analyses will allow scholars to assess the impact of the epistemic norms 
worked out in the new mechanical philosophy, since by studying history 
we can learn more about the prevalence and importance of mechanistic 
reasoning in science. Similarly, by analysing concrete instantiations of past 
cross-disciplinary research, we can assess the conclusiveness of philoso¬ 
phical statements about interfield integration. 
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Similarly, most historians’ analyses tell us little about the theoretical and 
methodological assumptions of cross-disciplinary research in physico-chemical 
biology between the world wars. Many accounts affirm the importance of 
Claude Bernard’s or Jacques Loeb’s methodological views, and show how these 
views inspired leading scientists and philanthropists to promote a certain style 
of research. 34 There, however, the accounts end. For example, it is not yet 
agreed how scientists came to realise that certain methods could help 
researchers find solutions to specific biological problems. It is also not 
entirely clear why biologists and practitioners from the physical sciences 
decided to collaborate in the first place and how this affected their 
experimental procedures and theoretical models. The need to know the 
answers to these questions would be less urgent if it was clear that the 
emergence of cross-disciplinary research always hinged upon special infra- 
structures and funding opportunities. However, this is clearly not the 
case. Went and Kogl’s joint research project, for example, was not funded 
by the Rockefeller Foundation, nor were there institutional incentives for 
cross-disciplinary research at Utrecht University. Such cases rather suggest 
that researchers sometimes had other reasons - possibly epistemic ones - 
for collaborating with practitioners from other fields. 

Although epistemic factors seldom he at the heart of historians’ analyses, 
there is no methodological reason for this bias. After all, recognising the 
significance of non-epistemic factors does not render the study of epistemic 
factors obsolete. Whatever it was that motivated researchers to enter the field 
of physico-chemical biology, eventually they had to decide which problems to 
solve and how; it was at this point that epistemic norms came into play. We 
have good reason to believe that in planning their research scientists took into 
account the criteria that would need to be met for their peers to accept their 
new solutions. The idea of binding disciplinary norms is not unknown to 
historians. Quite the contrary: a consensus of what constitutes an interesting 
question, an appropriate investigation, or an acceptable answer is an integral 
part of most definitions of the term ‘discipline’. 36 Historians of science have 
found that young scientists are routinely ‘instructed’ during their training to 
follow a certain investigative protocol: they learn how to achieve and present 
their findings in a way that makes their results acceptable to their peers. 
Whether the research in physico-chemical biology in the early decades of the 
twentieth century was really shaped by norms similar to those discussed in the 
new mechanical philosophy is, of course, an empirical question. 

In summary, historians and philosophers examined similar points: (a) the search 
for explanations in which biological phenomena are ‘reduced’ to physico-chemical 
events and the properties of living matter; (b) the use of physico-chemical methods 
in biology; and (c) cross-disciplinary research collaborations. While historians 
presented these as separate features of research in physico-chemical biology, phi¬ 
losophers offered a unifying explanation: advocates of the new mechanistic philo¬ 
sophy see features (a)-(c) as the consequences of the goal of scientists to find 
mechanisms. It might eventually be possible to explain researchers’ experiments 
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and their hypotheses as well as their decisions to collaborate with researchers from 
other fields as a direct result of their desire to discover mechanisms. Hence, philo¬ 
sophy has indeed the potential to advance our understanding of past research 
practice. In the following and final section, I discuss how to avoid the methodolo¬ 
gical pitfalls discussed in section 2, how to identify historical actors’ research pro¬ 
blems, goals, capacities, norms and actions. I then conclude this chapter by 
pointing out the relevance of such studies for History of Science and Philosophy of 
Science. 

2.4 How to learn about past research practice through iHPS 

Before addressing a metascientific research problem by integrating historical 
and philosophical analyses, it is necessary to establish that the question being 
dealt with does, in fact, constitute a suitable research topic for iHPS. That is, 
the research problem must draw attention to both philosophical and histor¬ 
iographical questions. We saw that opponents of iHPS believe that the very 
selection of philosophical issues and historical events is problematic and leads 
to methodological flaws. I will counter this criticism by showing that such 
selections can be justified. 


2.4.1 Selecting historical instances and philosophical frameworks 

In the previous section, I argued that the new mechanical philosophy offers a 
promising explanatory framework to scholars interested in uncovering the 
motivation behind the decision of researchers to combine physico-chemical 
and biological methods. Of course, we should be careful to avoid historical 
anachronism, a historically incoherent interpretation of the writings and 
deeds - and we might add, the actions - of the historical figures. According to 
Jardine (2000, p. 252), being aware of the ‘material, psychological, social and 
institutional conditions of the production of deeds and works’ helps us avoid 
vicious anachronism. If nothing else, as Jardine explains, the presuppositions 
of our modern analytical categories - for example the modern category 
mechanism as characterised in the new mechanical philosophy - should be 
realised by the group of actors under consideration. Jardine (2000, pp. 254-5) 
demands that ‘the categories we apply to past deeds and works should not be 
at odds with the entire range of the significances attached to them in the past 
societies in question’. As to our example, we need to establish that the pre¬ 
suppositions of the new mechanical philosophy hold good for the researchers 
under consideration (ibid., p. 266). We should be able to show, for instance, 
that botanist Went did indeed believe that in order to explain plant growth he 
needed to describe the relevant entities involved in plant growth, work out 
their physico-chemical properties and activities, and figure out how they were 
organised in such a way that the phenomenon was produced. 

The influence of epistemic norms on research practice can best be assessed 
in cases where the research has been planned from scratch, since the influence 
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of contingent factors will then be minimal. Setting up a new research labora¬ 
tory comes remarkably close to a state of tabula rasa. When Thomas H. 
Morgan agreed to organise Caltech’s biology department in 1927, for example, 
his choice of goals, resources and abilities was relatively unconstrained/ He 
was free to choose which fields (and therefore which goals and norms) to 
include, which instruments to buy (and thereby what resources to provide) 
as well as who to employ (that is, he could decide the kind of abilities that 
were needed), and he would have made these choices in accordance with his 
normative views on what constitutes good research. Moreover, we can be 
pretty certain that Morgan made his decisions cautiously, knowing that his 
choices would determine research at Caltech for the next few years at least. 

Morgan (1927, p. 86) was eager to establish research projects at the intersec¬ 
tion of the biological and physical sciences. He offered the post of Assistant 
Professor of General Physiology to a young plant physiologist from the Nether¬ 
lands, Herman E. Dolk. A former assistant to Went, Dolk knew how to perform 
an intricate plant test that was crucial for isolating growth hormones. 38 Another 
European scientist engaged by Morgan was the English biochemist Kenneth V. 
Thimann. After their arrival in Pasadena in the spring of 1930, Thimann and 
Dolk worked together on plant growth substances until Dolk’s untimely death two 
years later. 39 Analysing the early phase of such a cross-disciplinary research pro¬ 
ject can be illuminating. Collaborative work can generate historical sources that 
are especially revealing about the researchers’ goals, norms, and capacities: in the 
above case, for example, the scientists needed to clarify and align their theoretical 
assumptions, methodological norms, and expertise in order to ensure that joining 
forces would be effective; and they had to explain their new concepts and methods 
of working to scientists working in their own discipline. 

In sum, philosophical frameworks and historical actors are not selected 
arbitrarily: we deliberately choose philosophical frameworks with high 
explanatory power regarding the metascientific research problem to be 
solved; these frameworks’ general assumptions need to be in accordance 
with what we know about the goals, beliefs and actions of the scientists 
under consideration; while we focus on historical actors for whom the phe¬ 
nomena we wish to examine can be expected to be well documented. 


2.4.2 Identifying scientists’ research problems, actions, goals, capacities and 
norms 

Once a selection of research projects has been made, the work practices of the 
scientists and the factors that determined their research problems can be 
uncovered. The historical sources that allow us to reconstruct scientists’ 
resources include publications, correspondence, laboratory inventories, 
receipts, instruments, photographs and films. Morgan, for instance, wrote to 
Went describing the small laboratory with two underground rooms - ‘suitable 
for carrying out ... work on growth substances’ - that he had arranged, while 
Dolk’s correspondence with Went even included floorplans of these 
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facilities. 40 Occasionally, researchers discussed their abilities explicitly. In his 
inaugural lecture of 1930, Kogl explained that, unlike chemists, biologists are 
able to develop physiological tests. Organic chemists, on the other hand, have 
an idea of what needed to be done to purify hormones. 41 In other cases, one 
can derive the importance of abilities indirectly: after Dolk died in a car 
accident in 1932, Morgan declared that they would not be able to continue 
their phytohormone research 'unless someone as competent as Doctor Dolk 
could be found to take his place’. 42 

To map a field's goals at any given time, we can consult contemporary 
textbooks, programmatic lectures and conference programmes. More specific 
goals can be identified in publications, especially in reviews. In a review of 
1927, botanist Peter Stark (1927, p. 91) referred to the isolation of growth 
substances as a task ‘whose fulfilment ranks among the most urgent research 
desiderata’. Moreover, researchers’ conceptualisation of problems can, for 
example, be gleaned from their grant proposals and publications. In their first 
joint article, Dolk and Thimann (1932, pp. 30-31) wrote that in order to get a 
better idea of the mechanism of the growth substance’s action, it was necessary 
to find out more about its chemical structure. 

Fortunately, norms can be taken from facts, and a discipline’s abstract 
norms can be extracted from method discussions, especially those in text¬ 
books. 43 Plant physiologist Wilhelm Pfeifer (1900, p. 4), for example, stated: 

In explaining the relations between cause and effect, Physiology ... must 
determine the nature and properties of the different parts affected, as well 
as the accompanying external factors which may be involved. Both the 
character of the stimulus to action and the necessary mechanical means 
by which the resulting phenomenon is affected require to be known .... 

Went (1933, p. 137), for his part, wrote: ‘Investigating a factor’s impact on a 
life process seems to be comparatively simple. All that has to be done is to keep 
all other factors constant, vary the one, and see the result.’ Passages like these 
reveal scientists’ views on the criteria that needed to be met to support a claim 
with adequate evidence. As Jutta Schickore (2017, p. 5) puts it, ‘methods-rela- 
ted concepts, statements, and reflections as they are presented in experimental 
reports are significant because they reflect the authors’ understanding of the 
structure and organization of good experimental research’. Certainly, we 
cannot take scientists’ programmatic methodological pronouncements as a 
reliable account of the norms that shaped their actions. To identify the latter, 
we need to focus on the scientists’ actions and subsequently try to establish that 
these were governed by specific norms. This kind of procedure is not uncom¬ 
mon in historiography. 44 In turn, researchers’ actions can be worked out with 
the help of sources such as laboratory notebooks, correspondence, internal 
reports and publications. The latter can contain helpful clues concerning 
researchers’ intentions. Take, as an example, one of Went’s students, who 
described his experimental work and the reasoning that provided him with 
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‘data concerning the mechanism of the action of the [plant growth] hormone’ 
as follows: 

By applying the substance which promotes elongation and simultaneously 
preventing the cell from elongation, it proved to be possible to concentrate 
on the first phases of the process of cell elongation .... Hence it was 
possible to distinguish between causes and effects of elongation, which 
had always been the greatest difficulty in the analysis of growth. 

(Heyn 1933, pp. 78-79) 


2.4.3 Assessment of the findings’ relevance to History of Science and 
Philosophy of Science 

It is hard to see how investigating scientists’ research actions and their 
conceptualisation of research problems cannot be relevant to the History of 
Science. Such investigations provide insights into the material, institutional, 
operational and social conditions of past scientific practice, while also empha¬ 
sising the role of certain abilities and the significance of new technologies in 
answering long-standing research questions. It is also interesting - particularly 
for philosophers - to leam how robust the epistemic norms under consideration 
have been over time. This can be evaluated by comparing the norms that 
shaped phytohormone research with the norms discussed in earlier scientific 
work on similar problems. The fact that Went’s work was so well received in 
turn substantiates the claim that the standards concerned were widely accepted 
at the time. We can thus leam about the prevalence of the norms exposed by 
the new mechanistic philosophy in actual scientific practice. 

Crucially, iHPS studies do not end with the investigations of particular 
local cases of past scientific work. As Scholl (2018, p. 237) puts it, we strive 
‘to know how broadly, and in what variations, certain abstract descriptions 
apply to concrete instances’. Therefore, we should try to obtain more abstract 
descriptions from our concrete historical studies, since by studying additional 
concrete historical cases we will be in a better position to assess the empirical 
scope of these abstract descriptions. 45 

Conclusion: The case for iHPS 

I have argued that integrating philosophical and historical analyses is suitable 
for addressing metascientific research problems which comprise questions 
pertaining to History of Science that cannot be answered without turning to 
philosophy as well as philosophical concerns that require detailed historical 
analysis. Understanding past research practice is an ideal research problem 
for iHPS: it includes the goal of understanding why practitioners of a certain 
field working at a certain time and place conducted their research on a certain 
topic in a particular way, as well as the goal of identifying and explaining effec¬ 
tive methodological norms. Properly pursued, iHPS scholarship advances both 
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our philosophical and our historical understanding. The more we attend to the 
material and social conditions of past research practice, the easier it will be to 
bring to light the epistemic norms of historical actors. And the more we know 
about these norms, the easier it will be for us to understand the actions that sci¬ 
entists undertook to solve their research problems. 

I will close this chapter by quoting biophysicist Selig Hecht again: ‘We have 
the foolish, but understandable, philosophical notion that there are some 
conditions under which natural phenomena can be investigated. And the 
problem [is] to provide the conditions.’ 46 As historians and philosophers of 
science, what is so wrong with delving into the conditions that researchers 
considered critical for their investigations? Doing so does not imply that 
identifying the epistemic norms of past scientific actions is the only or even 
primary purpose of engaging in the history of science. But they should not be 
neglected either, certainly not for methodological reasons. There is still much 
to learn about the role of methodological principles in the development of sci¬ 
ence; if this challenge were taken up, it could be termed a ‘third area’, a ‘sci¬ 
ence of methodology’, ‘scientonomy’, or simply ‘good History of Science and 
good Philosophy of Science’. 47 

Notes 

1 Anonymous, Memorandum , undated (probably mid-1940s), Cambridge University 
Library, BCHEM 4, folder 12. For the early development of Flistory of Science at 
Cambridge University, see Anna-K. Mayer (2000) and (2004). The viewpoint of 
Cambridge University’s Faculty Board was possibly influenced by the programme of 
William Whewell, Ernst Mach and Pierre Duhem. These early students of science all 
turned to history to evaluate philosophical claims about science. This has been 
pointed out by, among others: Farry Faudan and Rachel Faudan (2016); Thomas 
Nickles (1995, p. 143); and I. Bernard Cohen (1974). 

2 On the first statement, see Danto (1962). On the second statement, see, e.g., Joseph 
Pitt (2001). 

3 Committee for Integrated HPS, Mission statement on integrated HPS , http://inte 
gratedhps.org/en/about/ (accessed 3 April 2018). 

4 See, e.g. Hanne Andersen and Susann Wagenknecht (2013); Findley Darden and 
Nancy Maull (1977); Jane Maienschein (1993); K. Brad Wray (2002). 

5 E.g. Pitt (2001), pp. 373-82; Cassandra Pinnick and George Gale (2000); Ronald 
N. Giere (1973). 

6 For more comprehensive discussions, see the contributions in The Philosophy of 
Historical Case Studies, ed. by Tilrnan Sauer and Raphael Scholl (2016), and 
Integrating History and Philosophy of Science: Problems and Prospects, ed. by 
Seymour Mauskopf and Tad Schmaltz (2012). 

7 For a more comprehensive discussion of this point, see Raphael Scholl (2018), 
pp. 228-232. 

8 On this point, see, e.g. F. Pearce Williams (1975); Farry Faudan et al., (1986) p. 158. 

9 Hanson (1962, p. 581) wrote that history only describes the actions of the historical 
actors, but it cannot evaluate the actions or views of the historical actors. 

10 Currie and Walsh’s forthcoming paper revolves around this issue. 

11 Cf. Ulrich Charpa (1985), who argues that the focus on dichotomies is misleading. 

12 See Robert-Jan Wille, (2015). 
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13 See Christian Joas and Jeremiah James (2015). 

14 See Karin Nickelsen (2015). 

15 See Gerd GraBhoff and Michael May (1995, p. 58), an account that was inspired 
by Paul Churchland (1970). 

16 On how certain techniques transformed how biologists conceptualised problems 
and organised their work, see Angela N. H. Creager and Hannah Landecker 
(2009). 

17 See Thomas Nickles (1981, p. 113); Alan C. Love (2008, p. 875). 

18 See, e.g., Jutta Schickore (2011). 

19 See Raphael Scholl and Tim Raz (2016, p. 88). 

20 Eman McMullin (1976, pp. 593, 599) emphasised this point, referring to the history 
of science as ‘a body of information about the past of science’ and that ‘there is no 
alternative to invoking the historical record’; Laudan and Laudan (2016, p. 77) 
stress that ‘without empirical checks, it is hard to see how generalisations about the 
evolution of science can be more than just-so stories’. 

21 This ‘confrontational model’ is discussed in this volume by Matteo Vagelli in 
Chapter 5, and by Klodian Coko in Chapter 10. 

22 Scholl, (2018). That the relationship between historical and philosophical studies 
should be seen as one between the concrete and the abstract, rather than between 
the particular and the general was first raised by Hasok Chang (2011). 

23 On ‘naturalised’ Philosophy of Science, see Greg Rupik and Matteo Vagelli’s 
Chapters 1 and 5 in this volume; see also: William Bechtel (2009, p. 549); Bechtel 
and Richardson (2010); Lindley Darden (1991), pp. 15-17. According to historian 
of biology Marga Vicedo (1992, p. 495), ‘our epistemic values and our under¬ 
standing of the world are the results of the contingent facts of history’. Cohen 
(1974, p. 312) agrees, believing ‘that a greater sensitivity to the cannons of history 
could readily produce a dramatic rise in the historical level of accuracy and 
authenticity of philosophical discourse’. 

24 Among the few works investigating historical actors’ research strategies is Karin 
Nickelsen’s book on photosynthesis, cited above, and Raphael Scholl and Nick¬ 
elsen (2015). 

25 See Robert E. Kohler 1982, p. 308. 

26 See, e.g.: Finn Aaserud (1990); Michel Morange (2007); Doris T. Zallen (1992). 

27 This group comprised researchers working under various disciplinary labels, such as 
physico-chemical biology, general physiology, experimental biology, biochemistry, 
biophysics, physiological chemistry, etc. 

28 See Thomas H. Morgan (1927, pp. 214, 217). 

29 See Caterina Schiirch (2017); and Patricia Faasse(1994). 

30 Pnina Abir-Am (1982); Robert E. Kohler (1991); Lily E. Kay (1993). 

31 Bechtel and Hamilton (2007, p. 405). A concise account of the different character¬ 
isations of mechanisms discussed in the new mechanical philosophy is provided by 
Carl Craver and James Tabery (2017). 

32 For detailed account of these norms, see Chapter 4 of Carl F. Craver (2007), 
especially pp. 123-52. 

33 Research strategies are discussed, e.g., in: William Bechtel and Robert C. 
Richardson (2010); Carl F. Craver (2002); Craver and Bechtel (2007; Findley 
Darden (2002); Darden and Craver (2002). 

34 E.g. Philip J. Pauly (1987). 

35 On the role of science policy in scientific research and its promise for iHPS, see 
Eugenio Petrovic’s contribution in Chapter 4 of this volume. 

36 See, e.g., Kathryn M. Olesko (1991), p. 14; Kohler (1982), pp. 1-2; William Bechtel 
(2005), pp. 7-8; Geoffrey E. R. Lloyd (2009), p. 170, and Alex Aylward’s contribution 
in Chapter 11 of this volume. 

37 See, e.g., Kay 1993, Chapter 3. 
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38 For more on the Avena test, see Schiirch 2017, pp. 8-16. 

39 See Herman E. Dolk and Kenneth V. Thimann (1932). 

40 Morgan to Went, 25 March 1932. Leiden, Boerhaave Museum, Correspondence of 
F.A.F.C. Went, a79, hie ‘Morgan’; and Dolk to Went, 20 February 1931. Leiden, 
Boerhaave Museum, Correspondence of F.A.F.C. Went, a79, hie ‘Dolk, H. E.’. 

41 Fritz Kogl 1930, pp. 82-85. 

42 Morgan to Went, footnote 40. 

43 On this point, see also Nickles 1995, p. 146, who underlines that ‘the consequent of 
the conditional makes a factual claim that can be checked empirically’. In this 
comment, Nickles refers to Laudan’s claim that methodological rules can be 
reformulated as conditionals of the form, ‘If you want to achieve goal G, then 
procedure P is a reliable way to do so’. 

44 See, e.g., Barbara Duden (1987). 

45 Ibid., p. 226. See also Claudia Cristalli’s discussion of narratives as frameworks 
that have the potential of bridging the gap between accounts of particular histor¬ 
ical events and bigger, more abstract processes in the next chapter. 

46 Hecht to Crozier, 22 June 1926. Harvard, Pusey Library, Papers of William John 
Crozier, HUG 4308.5, Box 3, hie ‘Hecht S. 1923-27’. 

47 The first two terms listed are from Giere 1973, p. 294. On scientonomy, see Greg 
Rupik’s contribution in Chapter 1 of this volume. 
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3 Narrative explanations in integrated 
History and Philosophy of Science 

Claudia Cristalli 


Introduction 

‘Narrative explanation’ is a concept originally developed by analytic philoso¬ 
phers of history and only very recently applied to the Philosophy of Science. 1 In 
analytic Philosophy of History, narrative explanation has the role of bridging 
the gap between the analysis of individual ‘historical’ events and their attribu- 
tion to a bigger process - namely, history itself. - The aim of this chapter is to 
expand on the recent work done on narrative in Philosophy of Science by 
considering how it may help provide a general framework for current models of 
scientific explanation. The originality of my approach lies in using concepts 
from the history of philosophy such as ‘colligation’ to expand the current place 
of ‘narrative’ in scientific explanation, thus providing a case for integrating 
History and Philosophy of Science. Narrative was introduced to account for 
explanation especially in the so-called historical sciences. "Historical sciences’ 
are those sciences, like palaeontology or geology, which study phenomena 
happening over a stretch of time too large to be studied experimentally. In this 
chapter, narrative is explored as a tool for understanding how explanation in 
science is historically laden and historically driven. Narrative structures provide 
the tools for the advancement of inquiry at least in the case of historical sci¬ 
ences. Since a satisfactory definition of narrative for the purposes of explana¬ 
tion has not yet been found, my analysis starts from some recognisable effects 
of narrative on inquiry. I see narrative as contributing to explanation in at least 
three ways: (1) narrative pulls together a great amount of facts; (2) narrative 
uses expectation and surprise and (3) narrative uses belief and doubt as steering 
wheels to navigate the amount of facts. I propose that 1-3 will help to build a 
general framework to understand different models of explanation. To make the 
discussion of models of explanation more concrete, I address two specific 
models: the experimental and the common cause explanation. 

The first part of the chapter introduces the classic account of the ways in 
which experimental science provides explanations, as theorised by Carl G. 
Hempel and Paul Oppenheim (1965). The second part deals with Carol 
Cleland’s criticism of Hempel and with her positive account of explanation. 
Cleland argues for the superiority of the historical ‘common cause’ principle 
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over Hempel’s law-based model for explanation. Metaphysical efforts to 
clarify what common cause is do not explain how common cause works, nor 
give it any superiority over the law-based model. The third part suggests 
that narrative explanation provides the context for both Cleland’s historical 
explanations and Hempel’s law-based explanations. The three features of 
narrative listed above are linked to the philosophers and scientists who first 
expounded them, namely William Whewell (1794-1866) and Charles S. Peirce 
(1839-1914). Via an analysis of these three features of narrative which are 
considered in the work of these figures, the History and Philosophy of scientific 
explanation come together and help inform our current ways of understanding 
of the role of explanation. 

3.1 Experiment and generalisation 

3.1.1 Experiment 

In his 1948 ‘Studies in the logic of explanation’, co-authored with Paul 
Oppenheim, Hempel defines scientific explanation as essentially the answer to 
the question ‘Why?’. For Hempel, an answer to the question ‘Why something is 
the case’ involves the production of (1) antecedent conditions and (2) general 
laws. Under (1) we understand all description of circumstances and particular 
details, while (2) are the scientific laws that act as general premises of any sci¬ 
entific explanation (Hempel and Oppenheim 1965, p. 246). Both (1) and (2) 
have to be expressed propositionally, and the resulting explanation has the form 
of a logical deduction. This is why Hempel’s model of explanation is also 
known as the ‘deductive-nomologicaf account of explanation. Understanding 
explanation as a logical structure, Hempel can model explanation without the 
need to refer to physical causation, a notoriously problematic concept since the 
times of Hume. However, this move comes at a price. The price is the need for 
any scientific sentence to possess empirical content suitable for being tested 
experimentally. Only thus a conclusion reached via logical inference also pos¬ 
sesses empirical value. 

The experiment has thus the function of connecting a system of well- 
derived propositions with the reality they are talking about. A scientific pro¬ 
position without experimental content would lack any possible connection 
with the world, and its scientific meaning could not be assessed. It would be 
impossible to distinguish between genuine scientific explanations and pseudo¬ 
explanations. 3 


3.1.2 Generalisation 

The need for generality in a scientific explanation is intertwined with the need 
for a specific conception and use of the experiment. On the one hand, 
experiment gives empirical content to any general law. On the other hand, the 
role of the experiment is not to represent a particular phenomenon but rather 
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any possible occurrence of that phenomenon. What is tested in any particular 
experiment is some general property of a natural phenomenon rather than its 
particular instance. As a consequence of this, laws never predict for the 
occurrence of particular event, but highlight those relations between events 
conforming to a general pattern. As Hempel puts it: 

... all that a causal law asserts is that any event of a specific kind, i.e. any 
event having certain specific characteristics, is accompanied by another 
event which in turn has certain specified characteristics; for example, that 
in any event involving friction, heat is developed. 

(Hempel and Oppenheim 1965, p. 253) 

Here, ‘heat’ and ‘friction’ are general phenomena which cannot be encountered 
as such. They are rather met as properties or effects of the interaction of indivi¬ 
dual bodies. The scientist is not interested in the individual bodies themselves but 
only in the possible, general effects of their interaction. Such effects can be 
measured and replicated, i.e. tested, in experiments. 

The problem in having generality as an essential feature of explanation is 
that, while it makes sense for experimental science, it seems to do little justice 
to explanation in different contexts, as for instance history or the so-called 
‘historical sciences’. History and historical sciences share a commitment to 
investigate particular events, such as the Napoleonic wars or dinosaur 
extinction. In this context, the study of possible causes is not as interesting as 
trying to establish the actual (particular) causes. 

Against the thesis of the radical difference in the objects of experimental 
and empirical sciences, Hempel maintains in his 1942 essay ‘The Function of 
General Laws in History' that historical explanations too make use of general 
laws, or, better, ‘general hypotheses’. Generality is indeed so essential to the 
historian’s practice that it permeates all historical reconstruction: 

Even if a historian should propose to restrict his research to a ‘pure 
description’ of the past, without any attempt at offering explanations or 
statements about relevance and determination, he would continually have 
to make use of general laws. For the object of his studies would be the 
past - forever inaccessible to his direct examination. He would have to 
establish his knowledge by indirect methods: by the use of universal 
hypotheses which connect his present data with those past events. 

(Hempel 1965, p. 243) 

In the end, Hempel presents his notion of general hypothesis in history as a 
contribution against the artificial division between descriptive and theory-laden 
constructions. Despite his efforts, however, it remains apparent that the 
generalisations present in history and in historical sciences - such as the 
‘universal hypothesis’ that we have access to past events - are not the aim 
of historical explanation. In history, explanation is no longer deductive, 
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because it does not follow logically from a set of premises, nor is it nomolo- 
gical, because laws have, in this framework, only an ancillary role. Eventually, 
the effort to understand historical explanation with the same epistemic tools 
developed for experimental science may have a rather counter-productive 
effect, namely that historical explanation falls short of the standards of 
experimental science. Instead of being examined in its own right, historical 
explanation is understood as a defective approximation of the standards of 
experimental science. 

3.2 Explanation in historical sciences: the common cause account 

Carl Hempefs account of historical explanation influenced the twentieth cen¬ 
tury debate on scientific explanation so deeply that almost every discussion of 
explanation grapples with it. 4 Among this vast literature, Carol Cleland stands 
out not only as a defender of historical sciences’ methodology, but also as a 
proponent of their epistemic superiority over empirical experimental science. 5 I 
firstly define explanation in historical sciences and then move on to a closer 
examination of the common cause account. 


3.2.1 Explanation in historical sciences 

The first step of Cleland’s argument is that historical sciences’ models of 
explanation shall not be judged against the standards of experimental science; 
instead, they have to be assessed in their own right. 

According to Cleland, historical sciences - such as palaeontology, geology, 
and evolutionary biology - are not interested in describing the general properties 
of phenomena, whose individual occurrence is irrelevant. Historical sciences are 
interested in particular events of natural history. Historical sciences thus share 
with history the interest in what actually happened. When talking about the 
future, historical sciences predict possible outcomes: they do not tell what wifi 
happen in any case but what might happen in specific cases. Ultimately, the 
output of historical sciences is not another law, but rather a more or less 
plausible reconstruction of a particular event. 

If, however, the kind of explanation developed by experimental sciences is 
considered paradigmatic of science as such, generalisation and experiment 
become the universal requirements for any practice that wants to be scientific. 
Historical sciences however cannot but fall short of such requirements. The 
identification of scientific explanation with experimental explanation has a 
negative impact on the prestige of historical sciences, and this contributes to 
the marginalisation of historical sciences within the scientific community 
(Cleland 2009, p. 45). 

Cleland argues that explanation in historical sciences is supported by a 
metaphysically robust account of causation, which would do justice to the 
research practice of historical scientists. While an experimental scientist may 
want to test different possible implications of a unique hypothesis, historical 
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scientists are often dealing with a variety of plausible hypotheses for a parti¬ 
cular, puzzling event (Cleland 2001, p. 989). Scientists have to pick one 
hypothesis on the basis of scarce evidence and the plausibility of the story it 
tells. Intuitively, one way of doing so is to look for the hypothesis which 
explains the greatest part of the available evidence in a smooth and coherent 
way. This amounts to postulating a common cause for the available evidence. 


3.2.2 The common cause account of explanation 

The second step of Cleland’s argument is to argue that the common cause 
account of explanation is not just an equally viable explanatory strategy, but 
in fact it is a more rigorous and a safer ground for scientific explanation. 

Within historical sciences, to postulate a common cause does not mean dedu¬ 
cing it from some general characters of what ‘causes’ are; rather, a common 
cause is inferred from the available evidence because of its power to weave such 
evidence into a coherent story. As Cleland (2011, p. 569) states:‘The principle of 
the common cause represents an epistemological conjecture about the conditions 
under which a certain pattern of causation may be non-deductively inferred.’ 

Accordingly, the common cause principle provides precisely the epistemic 
structure that can make sense of hypothesis formation and the fitting together 
of the available evidence in a non-deductive fashion. A common cause does 
for the historical sciences what Hempel’s model of explanation does for 
experimental sciences. Hempel could give a logical justification of his model 
(Hempel 1943). What, then, would the justification of the common cause 
principle be? Cleland's move is to ground the common cause principle in one 
of the fundamental physical dimensions of our world: time. 

Time, as a physical dimension, has an oriented structure, which can be 
visualised by an arrow (Reichenbach 1956). The transition from possibility to 
actuality - the becoming part of the future - involves a radical pruning of 
alternatives, and no a priori , purely logical method can enable us to see which 
ones will be cut off. This means that, when looking for causation in nature, 
the past is observed to be overdetermined over the future: while we can usually 
individuate the causes of some fact F, we cannot foresee all the possible 
effects of the same fact F. This is why, Cleland (2011, pp. 470-1) explains, it is 
relatively simple to determine from the analysis of scant traces that an erup¬ 
tion occurred millions of years ago, but it is almost impossible to predict from 
the multitude of available data when Vesuvius will erupt again. 

The fact that we find ourselves much better at inferring past causes from pre¬ 
sent effects than at inferring future effects from present causes is called asymmetry 
of overdetermination (AO). AO states ‘that events in our universe are causally 
connected in time in an asymmetrical ma nn er’ (Cleland 2011, p. 570). Cleland 
borrows AO from David Lewis (1979), and she applies it to physical processes at 
a rather general level. More precisely, Cleland (2011, p. 571) maintains that ‘all 
physical phenomena above the quantum level are subject to the asymmetry of 
overdetermination.’ Accordingly, it would seem that for Cleland this principle has 
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the same strength and scope of any law of classical physics. For Lewis however, 
who is in this respect openly under Frank P. Ramsey’s wing, natural laws are 
named such only by approximation: ‘proper’ laws are essentially deductive sys¬ 
tems, i.e., formal constructs. 6 According to Lewis, AO is not some feature of the 
world, but just a general proposition that is true in our world but may well not be 
true in other worlds. It has no necessity in it, as all necessity is purely logical. 
From this premise, Lewis (1973, p. 73) defines scientific practice as the best pos¬ 
sible approximation to a deductive system which is true about an actual world i: 
‘Our scientific theorizing is an attempt to approximate, as best as we can, the true 
deductive systems with the best combination of simplicity and strength. ’ 

The fact that the laws of nature are contingent does not make them random. 
In fact, in a later paper, Lewis (1979, pp. 474-5) uses the asymmetry of over¬ 
determination to illustrate the implausibility of miracles, which would be events 
entirely independent from the past. However, what matters for us is that natural 
laws are for Lewis imperfect approximations to ‘the true deductive systems’ of 
logic. Despite using Lewis in support of the common cause principle, Cleland 
would not buy into the idea that this same principle depends on some (imper¬ 
fect) deductive system. In fact, her whole philosophical project, which aims at 
defending historical explanation from claims that it does not fit the deductive 
model of scientific explanation, demonstrates the relevance of contingent and 
empirical findings to the scientists’ work. If the common cause principle means 
to be an alternative to deductive systems of justification, Cleland may want to 
support it with a different argument. 

Granted that the common cause account of explanation works in histor¬ 
ical sciences, its explanation in term of the Lewisian AO principle is not 
satisfactory. Moreover, AO would not undermine the traditional account of 
how experimental science works, nor put historical science in a position of 
epistemic privilege. As I show in the next section, it is more productive to 
embed the common cause account of explanation in a different framework 
than the a priori and deductive structure of Lewis’ metaphysics. 

A productive framework for the common cause account of explanation is one 
which shows us how common cause explanations work. What stimulates us to 
the search of a common cause, and how do we proceed in this search? What logic 
do we employ in looking for a common cause? Could it eventually be used to 
promote a less mythical understanding of experimental science? These questions 
have been the bread and butter of philosophers of history. Today, they begin to 
be unpacked by philosophers of science. 7 The idea currently on the table is to 
look at narrative and at its structure to understand scientific explanation. Inci¬ 
dentally, Cleland too touches upon the question of what drives the construction 
of an explanation when discussing how historical scientists work: 

the more improbable an association among a collection of traces seems 
the more psychologically appealing the claim that it is the product of a 
common cause. This helps to explain why historical natural scientists 
have a tendency to focus their investigations on what seems in light of 
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their background beliefs to be the most unlikely (and hence puzzling) 
correlations or similarities among contemporary phenomena. 

(Cleland 2011, p. 569, emphasis added) 

In looking for explanation, puzzlement and plausibility go hand in hand. In 
any kind of research, it is crucial which puzzle (over many possible ones) will be 
chosen as worthy of our attention. The more an event clashes with the back¬ 
ground of our currently held beliefs, the more it compels us to look into it, and 
the more such research may be rewarding. While deductive systems do not 
leave much space for puzzlement, it is often the aim of narratives to arouse, 
cultivate and direct puzzlement and surprise. The very structure of narrative 
seems to be built on developing an awareness of how different pieces may - or 
may not - fit together. 

3.3 Narrative explanation 

In this section, I focus on the explanatory power of narrative. Narrative 
explanations have long been the object of study of analytical philosophers of 
history. Because of this tradition, it is important to be clear at the outset on 
what, in the present context, narrative explanation is not: 

a It is not an ‘Ideal Chronicle’, that is, ‘a narrative consisting of all the true 
statements that could be made about the world right from Adam and Eve 
down to the present’ (Danto 1985, p. 152, quoted in Ankersmit 2009, 
p. 202). Such an account implies a purely linguistic idea of narrative and 
an idea of explanation as ‘rational reconstruction’. Both conditions are 
highly undesirable because they add the problem of connecting the nar¬ 
rative back to what it should explain - a problem known to philosophers 
as ‘the problem of reference’. 

b It is not a ‘verbal fiction, the contents of which are as much invented as 
found and the forms of which have more in common with their counter¬ 
parts in literature than with those in science’ (White 1978, p. 82, original 
emphasis). It is good to acknowledge that narrative explanation is not a 
pile of matters of fact; still, the blind sorting of its content into ‘invented’ 
and ‘found’ perpetrates the positivist division between ‘interpretation’ and 
‘fact’. 8 As for the forms of narrative, we want something simpler than 
what is in use in literature and closer to the scientists’ practice, 
c It is not a counterfactual history of what could have happened and did not. A 
counterfactual history is a ‘what if' history, whose purpose however seems to 
be to enlarge - rather than help direct - the pool of available hypotheses. 9 

After all these caveats, it is legitimate to ask again: What is narrative 
explanation? Geoffrey Hawthorn maintains that narrative is a kind of novel 
in that it explains in virtue of the setting it creates, and through it, the reader’s 
faculty of judgement is trained and nurtured. 10 Despite agreeing on the 
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importance of judgement. Hawthorn’s exclusive attention to details risks 
transforming narrative into a series of exemplary cases where no general¬ 
isation is possible. Instead, narrative explanations work also in virtue of cer¬ 
tain explanatory structures. The following section looks at those crucial 
structures of narrative that - I claim - can be found in experimental and 
historical explanations alike. 


3.3.1 The explanatory structure of narrative 

Usually, narrative theorists distinguish between narrative and chronicle. The 
difference between a chronicle and a narrative is that a narrative offers rela¬ 
tional elements that join together a sequence of events, whereas a chronicle 
just lists them (Morgan 2017b). Both narratives and chronicles are constituted 
by a series of events happening in time, however we understand narratives as 
conveying more than chronological order. But what is this ‘more’? We are 
provided here with a puzzling fact - narratives work in conveying explana¬ 
tions - but we do not know how they work. Paul Roth’s suggestion is to look 
at narrative in terms of its conventions and at its structures: 

Rather than attempting to look beyond conventions of narrative, perhaps the 
proper strategy is to insist that it is these very conventions which do the work of 
explanation. In this respect, narrative conventions are constitutive of historical 
practice and determinative of historical explanation. The suggestion I am 
entertaining is that the conventions define the possibilities of explanation as well. 

(Roth 1989, p. 460, emphasis added) 

Roth is suggesting here that narrative structures are not only doing the epis- 
temic work of fitting the collected evidence into an explanation, but that they 
are the condition of possibility of narrative explanation as such. If this is true, 
it becomes crucial to determine the structures of narrative and which struc¬ 
tures are most promising for scientific narrative. 

Mary Morgan (2017a, p. 2) elaborates on the idea that narrative structures 
do the work of explanation even beyond theories: while theories appear too 
detached from particular facts to really account for them, narratives may 
provide ‘a natural form for bringing related elements into order or creating 
order out of dis-ordered materials.’ My proposal of narrative structures of 
explanation goes directly at unpacking what Morgan describes as a ‘natural 
form’. John Beatty points in this direction when he suggests a shift in per¬ 
spective between narratives and more traditional forms of explanation: 

Instead of asking whether narratives measure up to other forms of repre¬ 
sentation and explanation, we should consider what they do especially well, 
what they may do better than other forms of representation and explana¬ 
tion, and why science would be impoverished without them. 

(Beatty 2017, p. 41) 
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So, what do narratives do especially well? I claim that narratives are particularly 
good at: (1) knitting particular facts together in a way that theories cannot; (2) 
exploring contingent possibilities and giving contingent explanations for con¬ 
tingent events; and (3) at the same time attaining a kind of generality via the use 
of general structures. We now turn towards an analysis of some of those general 
structures. This analysis relies on the introduction of two important yet over¬ 
looked figures in the History of Science and of the Philosophy of Science, namely 
the Cambridge polymath William Whewell (1794—1866) and the American 
logician, scientist and philosopher Charles S. Peirce (1839-1914). Whewelfs 
expertise ran from mathematics and meteorology to the Philosophy of Science. 
The influence of Kant on his ideas prompted him to critically reformulate 
Bacon’s method for the advancement of science. Peirce too was deeply interested 
in the advancement of science and in the development of methods for achieving 
this aim. Both were writing before the (now classic) distinction between context 
of discovery and context of explanation 11 and the subsequent confinement of 
Philosophy of Science to the context of explanation only. When, in 1958, Nor¬ 
wood Russell Hanson (1958) argued for the possibility of a logic of discovery, 
some philosophers of science started looking at the History of Science as a great 
source for the study of discovery. During the nineteenth century however, 
philosophers talking about science would look at its historical development as 
well as at its more recent outputs, with the conviction that history had many 
lessons to teach the philosopher and the practitioner of science alike. Sharing this 
conviction, I propose that we look forward at narrative explanation by looking 
back at Whewell and Peirce. 


3.3.2 Colligation 

‘Colligation’ is a term famous to philosophers of science thanks to William 

1 ^ 

Whewell (1794-1866), who also coined the more popular term ‘scientist’. 
Whewell firmly believed in the integration of History and Philosophy of 
Science and in the role of history for the advancement of science. In his 1858 
Novum Organon Renovation, Whewell (1858a, p. iii) proposes to renew 
Francis Bacon’s project from the vantage point of history: ‘Bacon could 
only divine how sciences might be constructed; we can trace, in their history, 
how their construction has taken place.’ 

Whewell’s historical understanding of the development of science makes 
him aware of the social and institutional elements involved in the production 
of science and of the pluralism of methods across the sciences. 13 From an 
epistemological perspective, Whewell integrates induction with general ideas. 
While the method of research is inductive, its guidance and support come 
from general ideas. Colligation, being the central step of Whewelfs model for 
induction, can be seen as his explanation of how we get from particular facts 
to general laws. The classical example of colligation is Kepler’s induction 
from Tycho Brahe’s observational data on the positions of planets to the idea 
that planetary orbits are elliptical, since it involves finding a general 
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conception that fits the existing data. Once colligated, the particular instances 
exhibit something which was not evident before such an action was performed. 
This something , according to Morgan (2017b, p. 89), is the relation they have to 
each other, which may be embodied by a ‘guiding conception’ or a ‘categor¬ 
ization schema’: ‘I use colligation to capture the way a scientist both brings 
together, and assembles, a set of similar elements framed under some overall 
guiding conception, or categorization schema.’ 

Relations are extremely rich epistemically in that they enable our under¬ 
standing of particular objects at the more general level of structures. The 
generality they provide is not alien to the particular data or events, but rather 
arises from their own combination. The language used here by Morgan is remi¬ 
niscent of Kant, however she does not discuss Whewell’s Kantianism, nor whe¬ 
ther it could influence the role of colligation in her account of narrative 
(Ducheyne 2011). Where Whewell makes colligation a ‘faculty of thought’, 
Morgan does not establish a hierarchy between bottom-up relations and top- 
down categorising schemata. The two chief merits of her contribution consist (1) 
in regarding colligation as a narrative structure and (2) in opening up the ana¬ 
lysis of colligation beyond cases from experimental science, going into sociology, 
history, and art. As an example of colligation in art Morgan brings Bruegel the 
Elder’s painting ‘Children’s Games’, dated 1560. 14 For Morgan (2017b, p. 88), 
Bruegel’s painting exemplifies colligation because it offers ‘closely observed bits 
of life fitted under a conceptual title.’ My interest is here in the process of 
observation itself and on the mutual interaction between the title (which stands 
for Whewell’s ‘ideas’) and the ‘facts’ represented. In pursuing this, I will push 
Morgan’s analysis a bit further. 

The painting, in the typical Nordic style of the sixteenth century, uses 
perspective not to focus the viewer’s gaze but to distribute it around the space, 
putting its subject on display as if in a cabinet of curiosities. 15 To this effect, only 
geometric perspective is used, which keeps the figures in the background as 
focused as the ones in the foreground. The title ‘Children's Games’ comprehends 
the many subjects of the painting as the simplest interpretative hypothesis. The 
title functions as a springboard into the painting itself and into the observation 
of the multitude of the more than two hundred figures it depicts. Amy Orrock 
(2012, p. 2), who looked at the practices of the painting’s fruition in its own 
times, reports that ‘Bruegel’s paintings were most often displayed in private 
social spaces, such as dining rooms.' They would then be exposed to a public 
selected by invitation, who could have accessed them in the social context of a 
dinner. As a result, ‘Bruegel’s complex panels would have functioned as con¬ 
versation pieces, providing focus for debate during gatherings of like-minded 
individuals. Van Mander’s anecdotes ... are evocative of a culture in which 
looking was an active, and, for some, competitive sport’ (Orrock 2012, p. 3). 
Reading Bruegel’s paintings involves therefore running one’s eye back and 
forth on the many little figures populating it in order to reason by analogy 
and association - a task where creativity is enhanced by experience. Because 
of the continuous interplay between observation and interpretation, any 
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hypothesis that arises from looking at Bruegel’s painting will influence the 
way the painting is seen. Such a hypothesis will be perceived, at least as long 
as the interpretation holds, as a ‘fact’ of the painting itself. Any ‘conceptual 
title’ will, as Whewell (1858b, p. 49) suggests, become a ‘fact’ from which 
future observation will start off: ‘Theories become Facts, by becoming certain 
and familiar: and thus, as our knowledge becomes more sure and more 
extensive, we are constantly transferring to the class of facts, opinions which 
were at first regarded as theories.’ 

By attributing a fluid nature to the labels ‘fact’ and ‘theory’, Whewell can 
be (anachronistically) described as being ‘perspectivist’ about science. What at 
a given time is a rigid division between fact and theory does not hold at a 
later stage: the theory may be discarded or it might be incorporated into a 
much broader theoretical framework, where it is actually treated as a fact; the 
fact, pressed by further analysis, may show itself as the product of false the¬ 
oretical assumptions (Whewell 1858b, p. 50). 

Eventually, colligation is a fundamental narrative structure of explanation 
because it accounts for the process of induction in two directions: from the 
data to the theory, and from the theory to the data. Colligation makes the 
role of analogy and association explicit, as well as the importance of per¬ 
spective in any explanation. Colligation is about putting together all the 
relevant evidence into a meaningful shape, but it is not an automatic 
process. In opposition to Francis Bacon, Whewell (1858a, p. v) did not 
claim to have the recipe for an ‘Art of Discovery’, since no art can ‘enable 
all men to construct Scientific Truths as a pair of compasses enables all 
men to construct exact circles.’ More modestly, colligation is one among 
the methods which bring discoveries about. 


3.3.3 Expectation and surprise 

If correlations and similarities among phenomena emerge from the narra¬ 
tive structure of colligation, it is the puzzlement arising from an event 
which does not fit in the scientists’ background belief that prompts the 
colligatory process to take place. 16 Puzzlement and background belief are 
captured by the concepts of ‘surprise’ and ‘expectations’; their role in sci¬ 
entific inquiry was first theorised by a very careful reader of Whewell - 
Charles Sanders Peirce (1839-1914). Peirce was also a man of sciences 
with vast interests, but, contrary to Whewell, he never held a permanent 
academic position. Peirce is best known today as the first American phi¬ 
losopher and the founder of American pragmatism. Together with ‘expec¬ 
tation’ and ‘surprise’, Peirce (1992a) used the couple of concepts, ‘belief’ 
and ‘doubt’, to describe the process of scientific inquiry. They are not 
entirely technical terms. In fact, part of their strength derives from their 
appeal to common sense. In the following, the two couples expectation/ 
surprise and belief/doubt will be used almost as key structures of narrative 
explanations. 
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For Peirce, expectation and surprise are not just psychological statuses. They 
are assumed to be logical and epistemic structures of understanding. Expected 
events are habitual events: surprising events may trigger doubt. Doubt is the spur 
of inquiry. To get rid of doubt, we look for knowledge that could co nf irm our 
expectations in the long run. Doubt is indeed so crucial for Peirce’s epistemic 
theory that his first philosophical publications - from 1868 to 1878 - are also 
known as ‘anti-Cartesian essays’. This is due to Peirce’s insistent criticism of the 
idea that inquiry may start with an absolute doubt. Such a doubt, Peirce claims, 
is nothing but a ‘paper doubt’, it has no real, prodding effect over inquiry: ‘the 
mere putting of a proposition in the interrogative form does not stimulate the 
mind to any struggle after belief. There must be a real and living doubt, and 
without this all discussion is idle' (Peirce 1992a, p. 115). 

In contrast, a ‘living doubt’ arises when something disappoints our belief, i.e. 
our expectation. A belief opportunely generalised is a ‘habit of mind,’ also 
called ‘guiding principle of inference’. The habit of mind ‘determines us, from 
given premises, to draw one inference rather than another’ (Peirce 1992a, 
p. 112). The inference Peirce has in mind can be drawn from one experimental 
instance to the whole class of objects possessing a certain property, as in 
Hempel’s account of experimental explanation, or can be drawn from the col¬ 
ligation of many particular facts into an overarching hypothesis. 

Peirce had started distinguishing between deductive and inductive or 
hypothetical inferences already in his Harvard Lecture of 1865 and in his 
Lowell Lectures of 1866, both on the logic of science (Peirce 1982a, 1982b). 
In those lectures, Peirce shows the greatest interest in induction. He deeply 
engages with syllogism, proving that the two ‘oblique’ models of inference are 
truly non-deductive because they cannot be reduced to a deductive syllogism 
without the addition of a fourth proposition. He therefore establishes formally, 
from the point of view of the relation of arguments and without reference to 
their content, that induction has an autonomous logical status, distinct from 
that of deduction. As Peirce (1992a, p. 112) states: 

The object of reasoning is to find out, from the consideration of what we 
already know, something else which we do not know. Consequently, rea¬ 
soning is good if it be such as to give a true conclusion from true pre¬ 
mises, and not otherwise. Thus, the question of its validity is purely one 
of fact and not of thinking. 

The factual part of explanation, that in Hempel’s account was strictly con¬ 
nected with experiment, is for Peirce already embedded in the proper kind of 
inference used in science. According to Peirce, explanation in science cannot be 
attained by deduction only (although deduction still maintains an important 
place in reasoning). More importantly, for our concerns in the integration of 
History and Philosophy of Science, logic is, in Peirce’s perspective, an epistemic 
tool which is itself contingent on the current state of knowledge. It can and 
must be used in scientific reasoning, but only with the insight that it can and 
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must be reformed as our science evolves. Indeed, any major progress in science 
is a progress in its method, and therefore a reform in its logic. Logic must be 
rooted in the History of Science: 

Every work of science great enough to be remembered for a few genera¬ 
tions affords some exemplifications of the defective state of the art of 
reasoning of the time when it was written; and each chief step in science 
has been a lesson in logic. 

(Peirce 1992a, p. Ill) 

This position calls to mind Whewell’s perspectival understanding of the relation 
between facts and theory. Both Peirce and Whewell reach this epistemic stance 
because of their deep interest in the History of Science joined with a lively 
practice of some of its branches. Both see the logic of science as a contingent 
affair, which derives its meaning and the stimuli for its growth from the ‘facts’ 
and problems of the sciences of the time. Expectation and surprise, as ‘living 
principles of inference’, appear as an invaluable resource for the identification 
of problems in the first place: they are the very starting point of inquiry. Colli¬ 
gation then is the structure that helps to build hypotheses out of a multitude of 
data. Together, expectation, surprise and colligation constitute a - partial and 
perfectible - account of how narrative explanations operate in science. 

Conclusion 

This chapter proposes narrative as a general framework for scientific expla¬ 
nation. Such a framework does not deny the important differences of existing 
models of explanation: rather it aims to find tools to orientate the use of 
those existing models of explanations. Questions more related to the process 
of inquiry, such as how do we pick our hypotheses, or how do we decide 
which problems catch the scientist’s attention, may be also considered within 
a narrative framework. Fundamentally, the narrative framework of explana¬ 
tion undermines the idea of a privileged model of scientific explanation. In 
this case, experimental sciences need not be given higher explanatory value 
than historical sciences. 

Using a narrative model of explanation does not mean to adopt the idea 
that narrative structures should be reduced to linguistic structures. The nar¬ 
rative model is compatible with certain kinds of counterfactual models of 
explanation; however, the narrative model does not imply that narrative 
explanation works in virtue of it providing a counterfactual history. Instead, 
the contribution of narrative is seen in (1) understanding the dynamic 
between facts and theories or particular instances and general laws, (2) 
enabling a perspective understanding of the present in virtue of the past 
experiences and the future expectations, and (3) giving a general account for 
how certain events attract the attention of the scientific community with the 
notion of surprise. 
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The narrative structures 1-3 proposed here are just a first step towards a 
possible narrative interpretation of explanation in integrated History and 
Philosophy of Science. More needs to be done to make narrative a truly 
comprehensive framework to understand explanation. We need to ascertain 
how colligation on the one side and expectation and surprise on the other side 
are actually cultivated in the practice of science. Moreover, theoretical analy¬ 
sis is likely to reveal more structures playing a role in narrative explanation. 
As presented here, narrative explanation provides a starting point for dealing 
with conflicting methodologies in History and Philosophy of Science, as well 
as contributing more specifically to the debate on explanation in the sciences. 

Notes 

1 For a classical analytical account of narratives in philosophy of history see Danto 
(1965). For recent application of narrative to philosophy of science see Mary 
Morgan (2017a). 

2 For a comprehensive introduction on philosophy of history see Lemon (2003). 

3 Indeed, there has been a lot of work on logic in this vein since the 1960s. See for 
instance Norton (2015); and Norton (2010). Thanks to Jono Spring for pointing 
this out to me. 

4 For an introductory yet comprehensive account of the origins of the deductive- 
nomological account of explanation and of its problems, see Woodward (2017) 

5 See Carol Cleland (2001, 2009, 2011). 

6 David Lewis (1973), p. 73: ‘We can restate Ramsey’s 1928 theory of lawhood as 
follows: a contingent generalization is a law of nature if and only if it appears as a 
theorem (or axiom) in each of the true deductive systems that achieves a best 
combination of simplicity and strength. ... lawhood is a contingent property. A 
generalization may be true as a law in one world, and true but not as a law in 
another [world].’ 

7 Ankersmit (2009), p. 200. Ankersmit attributes this question to Haskell Fain 
(1970), but without mentioning his answer: ‘Yet, it is the story-line that makes the 
relationship between historical facts intelligible, that dictates how facts should be 
described, which facts selected as relevant and which omitted [...]’ (p. 255). 

8 Against this view, see Edward H. Carr (1964), pp. 29-30. 

9 Steve Fuller (2008) imagines counterfactuals as an ‘exercise’ that enables a dia¬ 
logue with the past, but it is a dialogue in which we have the first and the last 
word. Gregory Radick (2008) instead uses counterfactual narration to give voice 
to unrealised possibilities of the past. Finally, Steven French (2008) doubts the 
use of counterfactual histories, in that it is hard that they represent ‘genuine 
possibilities’ - namely, a possibility that would stand some serious chances of 
having been actual. 

10 Geoffrey Hawthorn (1991), p. xi: ‘...the resources that we need to make such 
judgements, 1 argue, are given in the details of particular cases.’ The hope that 
detailed narratives will turn the reader of science into a witness dates back to 
Robert Boyle. See Steven Shapin (1984, pp. 490-491). 

11 This distinction was originally introduced by Hans Reichenbach (1938). 

12 Whewell was Master at Trinity College, Cambridge, where he had been studying 
and living since 1812. Whewell’s interests were broad: professor of mineralogy and 
philosophy, Whewell also did important work for the prevention of the Thames’ 
tides and was conversant with the basic ideas of most sciences of his time. In phi¬ 
losophy, Whewell is an original and insightful follower of Kant. 
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13 Whewell (1858a), p. iii: ‘it would be worthy undertaking to determine the 
machinery, intellectual, social, and material, by which human knowledge can 
best be augmented.’ See also Whewell (1858b), p. 48: ‘Thus we are often told that 
such a thing is a Fact, A FACT and not a Theory [...]. [...] we must ask to whom 
is it a Fact? What habits of thought, what previous information, what Ideas does 
it imply, to conceive the Fact as a Fact?’. Books 2-5 of Whewell (1858b) v.l, 
analyse in detail the different methodological standpoints of the different 
sciences. 

14 Pieter Bruegel, ‘Children’s games’ (1560, Kunsthistorisches Museum in Vienna). 

15 Cabinets of curiosities or Wunderkammern (literally, ‘chambers of wonders’) were 
rooms where sixteenth century notables would display ‘weird’ or ‘suggestive’ 
objects they had collected. These items (including natural objects and artifacts) 
were juxtaposed in creative ways to stimulate the visitor’s own analogies and 
associations. 

16 Cleland (2011), p. 569: ‘historical natural scientists have a tendency to focus their 
investigations on what seems in light of their background beliefs to be the most 
unlikely (and hence puzzling) correlations or similarities among contemporary 
phenomena.’ On this topic see Caterina Schurch, ‘What to Ask and Flow to 
Answer: Investigating Research Planning in General Physiology’, in this volume. 
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4 Is a normative historically oriented 
Philosophy of Science possible? 

A new horizon for integrated History and 
Philosophy of Science (iHPS) 

Eugenio Petrovich 


Introduction 

In 1973, Ronald Giere famously framed the question of the relation between 
History and Philosophy of Science under the metaphor of marriage. 'History and 
Philosophy of Science: Intimate Relationship or Marriage of Convenience?’ 
(Giere 1973), he asked in an important review of the debates taking place in the 
1960s around the so-called historical turn in Philosophy of Science. As it is well 
known, the publication of The Structure of Scientific Revolutions by Thomas 
Kuhn, as well as other influential works by Norwood Hanson (1965), Mary 
Hesse (2005), and Paul Feyerabend (1962) fuelled the discussion between his¬ 
torians and philosophers of science. Was it possible to integrate History and 
Philosophy of Science? And if so, how? 

Perhaps these questions are even more crucial today than in the 1960s, 
since the intellectual landscape around the integrated History and Philosophy 
of Science (iHPS) is nowadays filled with strong competitors. From esoteric 
formal epistemology to post-modernist Science and Technology Studies 
(STS), the disciplines studying science have considerably thrived in the last 
decades. In this context, iHPS cannot postpone the crucial question about its 
identity, mission and theoretical foundations. The aim of this chapter is to 
deal with one of the core theoretical problems within iHPS, namely how 
History and Philosophy of science should be integrated into iHPS. After 
introducing three key and distinct positions in the debates surrounding the 
Structure, I will propose a new horizon where the integration between the two 
could take place today: the arena of Science Policy. With this chapter, I claim 
that the Philosophy of Science Policy would allow a new iHPS to stand out 
today, both as a research programme, and as a call for action. 

The first section of the chapter sums up three different views on the relation¬ 
ship between History and Philosophy of Science: the Kuhnian, the neo-positivist 
and the Popperian. I argue that these approaches form a Hegelian triad where 
Kuhn represents the thesis, neo-positivism the anti-thesis, and Popper the 
synthesis. I then focus on Popper’s position, which I call a ‘normative historically 
oriented iHPS’, and I explain its distinctive logic, which I dub ‘exemplary logic'. 
In the second section, I show how the same logic shapes the Science Policy 
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discourse by analysing three different examples of Science Policy production: 
Vannevar Bush's report Science, the Endless Frontier , the so-called Triple 
Helix model proposed by Henry Etzkowitz and, lastly, a Science Policy 
document by the European Research Council. In the third and final section, I 
outline the research agenda of the Philosophy of Science Policy (PSP), a 
research programme that I propose as a new synthesis between History and 
Philosophy of Science, where the Popperian approach to iHPS is combined 
with a focus on Science Policy issues. 

4.1 Three ways of conceiving the relation between History and 
Philosophy of Science 

In this section I introduce three different views concerning the relationship 
between History of Science and Philosophy of Science: the Kuhnian, the 
neo-positivist and the Popperian. These positions were proposed during the 
discussion about the historical turn in Philosophy of Science in the 1960s 
and 1970s. I focus on the theoretical tenets of each of the positions, and the 
logical relations between them. I claim that all the arguments can be aligned 
with the classic Hegelian logic of thesis-antithesis-synthesis. 1 


4.1.1 Kuhn’s empiricist model 

The first position I introduce is the one developed by Kuhn in the first chapter 
of The Structure, which was tellingly entitled ‘A Role for History’. The chapter 
ends with a statement where Kuhn (1970b, p. 9) clearly describes the optimal 
relation between historical reconstruction and philosophical theory: ' H ow 
could history of science fail to be a source of phenomena to which theories 
about knowledge may legitimately be asked to apply?’ 

The key words in the quote above are ‘'phenomena’ and ‘theories’. Ku hn ’s core 
idea is that History of Science provides the phenomena that theories of science 
(read Philosophy of Science) should account for. Hence, History of Science and 
Philosophy of Science stand in the same relationship as evidence and theory do. 
There is a clear division of duties between the historian and the philosopher of 
science, and their burden of proof is clearly separated. The historian of science 
collects and recounts a specific class of phenomena (phenomena that specifically 
regard the development of science), whereas the philosopher of science should 
explain them via a theory of scientific change. Historical facts represent the test 
of philosophical theories, which are therefore meant to be empirical theories 
about a specific class of phenomena. Within the Kuhnian model of the relation¬ 
ship between History and Philosophy of Science, the testing function of histor¬ 
ical facts is guaranteed by their independence from philosophical theory, so that 
the direction of testing goes from Philosophy of Science to History of Science 
and not the other way around. Here we can define a Hegelian triad where the 
Kuhnian empiricist model is the thesis. The thesis can be stated as follows: the 
relation between History and Philosophy of Science on the one hand, and 
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evidence and theory, on the other, is the same. Specifically, the function of His¬ 
tory of Science is to provide the evidence that Philosophy of Science aims at 
explaining by a theory. 


4.1.2 The neo-positivist dualistic model and the nonnativity issue 

In the context of neo-positivist philosophy of the 1960s, Kuhn’s Philosophy of 
Science was highly contested. A detailed reconstruction of all the objections 
raised against The Structure lies outside the scope of the present chapter. 
What is of interest here is how neo-positivists criticised the Kuhnian model of 
the relationship between History and Philosophy of Science, proposing their 
own view, according to which History and Philosophy of Science are and 
should he two distinct and different entities. Thus, the neo-positivist model 
represents the second phase of the dialectical logic: the anti-thesis. 

In the writings of Israel Scheffer, Carl Kordig, and Ronald Giere we can 
recognise a distinctive pattern of arguments aiming to reject Kuhn’s model. Their 
main concern is that in Kuhn’s picture, Philosophy of Science loses its normative 
power, which they claim to be its defining feature. According to Scheffler (1967) 
and Kordig (1971), Philosophy of Science is intrinsically a prescriptive discourse 
on science, which aims to set methodological norms for the scientific inquiry. As 
much as Philosophy of Science is concerned with the scientific method, there is 
no interest in the actual practices of scientists but in the standard of rationality 
that makes certain theories scientific. For the discussion around the standard of 
rationality, the temporal development of science is useless, since standards are 
conceived as logical entities that are constitutively ahistorical. Consequently, 
Carl Kordig (1971, eh. 4) writes that even if all scientists in all ages were funda¬ 
mentally irrational and broke every normative rule of the scientific methodology, 
this would not affect the scientific method itself. 

To support their argument, both Kordig and Scheffler refer to a distinc¬ 
tion that was first drawn by Hans Reichenbach and later on became a 
renowned model among philosophers of science: the distinction between the 
context of discovery and the context of justification , 4 This distinction was 
originally put forth by Reichenbach as a means to distinguish epistemology 
from psychology. According to Reichenbach, psychology deals with the 
actual processes of thinking taking place in the mind of scientists at work, 
inquiring the psychological genesis and conditions of scientific discovery 
(the ‘context of discovery’). Epistemology, on the other hand, does not study 
a real process, but a logical substitute consisting of all the logical steps, 
which are ideally needed to fully justify a scientific assertion. This logical 
object was called by Reichenbach ‘rational reconstruction’, and it is 
intrinsically both ideal and normative: ideal because it does not happen in 
any specific space and time, and normative because it corresponds to the 
steps that a fully-fledged rationality would take in order to justify any sci¬ 
entific claim. Logical reconstruction constitutes the ‘context of justification’ 
of science, and it is the only object of epistemology. 5 
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In the neo-positivist reading of Reichenbach, the context of discovery is stret¬ 
ched to include not only the psychology of science but all the conditions involved 
in the genesis of scientific theories, from social to economic and political context. 
History of Science is thus pointed out as the par excellence discipline dealing 
with the context of discovery, whereas Philosophy of Science is conceived as the 
study of the context of justification. 

Once the distinction between the two contexts and, hence, between the two 
disciplines is drawn, the final step of the neo-positivist argumentation is to 
invoke the so-called Hume’s law (no ‘ought’ from an ‘is’) to rule their rela¬ 
tionship. According to Hume’s law, normative claims (ought) and descriptive 
statements (is) are logically independent, that is to say, the latter does not entail 
the former. Therefore, we cannot derive from stated facts (descriptions) what 
we ought to do (prescriptions). 6 In the case of science, the application of 
Hume’s law shows that we cannot infer from the mere description of scientists’ 
behaviour how science ought to be conducted. This means that evidence from 
the context of discovery (History of Science) cannot affect the context of justi¬ 
fication (Philosophy of Science). Thus, the relationship between History and 
Philosophy of Science is severed from the beginning: the gulf between them is 
the gap between description and prescription, reality and normativity. A dualist 
model, where Philosophy of Science and History of Science he on the opposite 
side of the ought/is dichotomy, opposes the Kuhnian empiricist model (History 
of Science provides evidence, Philosophy of Science theory). In this new model, 
the scope of History of Science is limited to a neutral description, whereas 
prescription is an exclusive domain of Philosophy of Science. 

As previously mentioned, in the dialectics that I am presenting, the neo¬ 
positivist model plays the role of the anti-thesis. According to Hegelian logic, 
the anti-thesis negates the thesis by exposing an essential fault within it. I 
argue that the neo-positivist argument unveils a real issue that we find not 
only in Kuhn’s Philosophy of Science, but also in any other research project 
that aims to describe a scientific activity in the absence of a normative 

*7 

standpoint. Ronald Giere (1973, p. 290) has clearly highlighted this issue: ‘If 
one grants that epistemology is normative, it follows that one cannot get an 
epistemology out of the history of science - unless one provides a philoso¬ 
phical account which explains how norms are based on facts’. 

Neo-positivist criticism shows how the Kuhnian empiricist model structurally 
lacks the theoretical machinery that is needed to support a normative dimension 
in Philosophy of Science because any attempt to bridge the distance between the 
descriptive and the prescriptive level will result in a violation of Hume’s law. The 
production of norms of science (epistemological prescription) from the descrip¬ 
tion of scientists’ behaviour (historical reconstructions) is indeed a special case of 
the derivation of normative statements from facts - that is precisely what Hume’s 
law prevents. On the other hand, neo-positivism provides theoretical room for 
normativity by discerning the context of discovery from the context of justifica¬ 
tion, as it acknowledges that there is a difference between what science is and 
what science ought to be. 
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However, the price for normativity in the neo-positivist model is too high. The 
normative dimension of the context of justification is achieved by completely 
separating the philosophical discourse from the actual scientific practice. 
Because of the very distance between the context of discovery and context of 
justification, the object of Philosophy of Science is downgraded to a mere logical 
surrogate. Historically, the fate of the neo-positivist project of a "logic of science’ 
has indeed failed mainly because of this criticism. Abstract models of scientific 
rationality were proved to be incapable of explaining existing scientific practice, 
as demonstrated by thorough sociological studies. Moreover, the methodological 
norms appeared to be too abstract to provide any useful guidance to scientists. 8 
In 1984, Dudley Shapere declared the end of the neo-positivist normative pro¬ 
gramme, and acknowledged that an a priori, normative definition of scientific 
methodology could not be provided. 9 

The negation of the thesis (anti-thesis) is thus negated in turn. Should we 
then return to the thesis, the Kuhnian model, and give up the very possibility of 
a normative Philosophy of Science? Is Philosophy of Science just a theory 
accounting for historical facts? If so, iHPS does not have any distinctive fea¬ 
tures, and it should be considered just as another province within the galaxy of 
STS. However, in the next paragraphs I demonstrate that this is not the case. 
Indeed, during the debate of the 1960s and 1970s, we find a third position that 
can be considered as a Hegelian synthesis of the Kuhnian and neo-positivist 
models: the Popperian model of the relation between History of Science and 
Philosophy of Science. 


4.1.3 Popperian normative historically oriented iHPS and exemplary logic 

In order to introduce the Popperian model, it is useful to consider the doubts 
that it raised in Kuhn. In his talk at the well-known conference Criticism and 
the Growth of Knowledge, Kuhn acknowledged that Popper and his school 
made large use of historical examples in their writings of Philosophy of Sci¬ 
ence. However, Kuhn (1970a) was puzzled by the fact that Popper strongly 
rejected his notion of ‘normal science’, which Popper (1970) even defined as a 
‘danger’ in his paper ‘Normal science and its Dangers'. How could this 
happen as both contenders relied upon History of Science? Was it only 
because of a different interpretation of the same empirical evidence? I believe 
the answer can be found by digging deeper into their theories. In particular, 
Kuhn and Popper differ in the status they assign to the History of Science. As 
explained before, History of Science is for Kuhn a class of phenomena that 
the historian arranges in narratives and the philosopher tries to explain via a 
theory. From this point of view, however, historical facts are to be regarded as 
mere empirical facts. They lack any intrinsic normative value, they are neutral 
as regards epistemological values. History of Science has no internal axiology 
for Kuhn. Lakatos (1978, p. 135, note 4) perfectly summed up Kuhn’s posi¬ 
tion by dubbing it ‘historiographical positivism’, since both Kuhn and the 
nineteenth-century Positivists share the idea that facts and values belong to 
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different realms. According to them, historical facts are indeed a normative- 
free set of phenomena. 

Significantly, the neutral view of History of Science underlies both Kuhn 
and his neo-positivist critics. The only difference between the two is that the 
former lacks theoretical means to formulate a normative discourse, whereas 
the latter has such tools. Nevertheless, both share a neutral attitude towards 
the past of science: the History of Science as such is neither good nor bad. On 
the other hand. Popper considers at least some episodes in History of Science 
intrinsic examples of good science. The role of the Popperian philosopher of 
science is to distil the scientific methodology from these very cases. Popper 
does not conceive the method of ‘conjectures and refutations’, as explained in 
Conjectures and Refutations (Popper 1963), as a prescriptive norm that is 
detached from scientific practice (the neo-positivist model), but as a distilla¬ 
tion of the real methodology implemented by good scientists. It is pivotal to 
highlight the role that the notions of ‘good science’ and ‘good scientist’ play 
in the Popperian view of History of Science. Importantly, these structurally 
evaluative terms define the class of historical events that, according to Popper, 
should be the target of the philosopher of science. 

Unlike the Kuhnian philosopher of science, who is supposed to explain 
most of the historical facts, the Popperian philosopher of science should 
derive scientific methodology only from those events that are recognized as 
good science. Popper underlines that good science is not a quantifiable matter: 
good science may be the minority of actual scientific practices. Although he 
acknowledges that scientists may spend most of their time in a condition of 
Kuhnian normal science, he claims that the philosopher of science should be 
interested only in the examples of good scientific practices, no matter how 
sporadic they might be. 10 

From the Popperian’s perspective, the examples of good scientific prac¬ 
tice take on the role of exemplars. History of Science is not thought of as 
a set of neutral historical facts, but as a repertoire of instances of good - 
and bad - science. If Kuhn’s model for History of Science is political his¬ 
tory, 11 Popper’s model for History of Science is sacred history. In sacred 
history, certain facts and figures have an intrinsic normative value. In 
Christian hagiographies, for instance, episodes in the lives of saints 
(exempla ) are provided as such with axiological import. Christians are 
supposed to find in these episodes exemplars of how to live in accordance 
with Christian moral principles. They represent exemplars of a good life. 12 
In the same way, for Popper the examples of good science have applied the 
right scientific methodology that should guide the philosopher of science. 
Popper elaborates on the ancient Tatin motto historia magistra vitae est 
(history is life’s teacher): the philosopher of science can learn from the 
History of Science, as it provides examples of good science that have a 
normative value. Both from a Kuhnian and a neo-positivist point of view, 
it is difficult to support an educative role of the History of Science, 
because of the neutral notion of history they both share. ’ 
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The exemplary view of History of Science closes the Hegelian triad with a 
synthesis of both the thesis and the anti-thesis. It shares with the thesis 
(Kuhns empiricist model) the idea that History of Science is important for 
Philosophy of Science, but it refuses the Kuhnian neutral notion of History of 
Science. From the anti-thesis (the neo-positivist dualistic model), it retains the 
importance of a normative dimension for Philosophy of Science, but rejects 
the concept of an ahistorical normative standard. Thus, the exemplary model 
is a synthesis that unities (in the Hegelian sense of aufheben ) the previous 
positions and integrates History and Philosophy of Science in a new way. This 
integration can be named a ‘normative historically oriented iHPS’. 

However, the Popperian synthesis may be judged unstable and, perhaps even 
question-begging. From a Kuhnian point of view, the idea that philosophers of 
science should distil scientific methodology only from a few historical episodes, 
idiosyncratically chosen as good science, could be rejected as a mere ad hoc 
strategy to avoid empirical testing of philosophical theory. On the other hand, 
from a neo-positivist point of view, the notion of good science may be challenged 
because of the lack of bases, in case an independent and ahistorical normative 
framework is not able to justify it, or can be even considered as a violation of the 
ought/is divide, since methodological prescriptions would be inferred from mere 
descriptions of scientific episodes. 

Indeed, from a strictly logical point of view, the integration of History and 
Philosophy of Science in Popperian normative historically oriented iHPS is 
circular. Methodology (read Philosophy of Science) is meant to be distilled from 
examples of good science (exemplars, read History of Science). At the same time, 
examples of scientific practice are regarded as exemplars because of their con¬ 
formity to methodology. This seems to be a logical loop, where the premises of the 
argument are based on the conclusions of the argument itself - a kind of logical 
fallacy that is termed circulus in probando or petitio principii. 

However, the Popperian normative historically oriented iHPS remains an 
innovative approach to the integration of History and Philosophy of Science. 
Even if its results are inconsistent from a strictly logical point of view, it is 
worth considering because its core structure can be extensively found today in 
a specific discourse concerning science: the discourse of Science Policy. The 
following section explains in detail how the circular logic of normative his¬ 
torical oriented iHPS is real (in the Hegelian sense of wirklich, ‘active’, 
‘actual’) in the domain of Science Policy. In doing this, I show that Science 
Policy represents an area where the integration of History of Science and 
Philosophy of Science has been achieved in practice. 

4.2 The integration of History and Philosophy of Science in science 
policy discourse 

This section argues that the exemplary logic, which is the circular integration 
between History and Philosophy of Science that results in a normative his¬ 
torically oriented iHPS, is a fundamental component of the Science Policy 
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discourse. Science Policy consists of diverse topics concerning the allocation of 
resources for all the different activities related to science. For instance, topics 
include funding of science, careers of scientists, intellectual property policy and 
translation of scientific discoveries into technological innovation. 14 Science 
Policy encompasses all the stakeholders that are involved in the management 
and governance of the scientific enterprise, from universities to institutions and 
social actors. Vis-a-vis the academia-based disciplines of History and Philoso¬ 
phy of Science, Science Policy does not take place only at the university. In fact. 
Science Policy discourse is spread across a large web of actors contributing to 
proposing, implementing, modifying, and even opposing science policies. 
University-based discourse on Science Policy is produced under the label of 
Science Policy and Innovation Studies (SPIS), and it is disseminated through 
scientific journals, the traditional academic format. 15 Different disciplines (e.g. 
management, economics, sociology) contribute to this held. On the other hand, 
the institution-based discourse is spread through different formats, including 
reference documents, white papers, and political speeches. 

A detailed analysis of the structure and features of Science Policy discourse 
is beyond the scope of the present chapter. 16 Instead, I aim to demonstrate 
how three prominent examples of Science Policy discourse follow the same 
logic that governs the Popperian integration of History and Philosophy of 
Science (namely, the exemplary logic). By using those three instances, I will 
show how the integration between a sui generis History of Science and a sui 
generis Philosophy of Science takes place in the same circular manner that 

17 

characterises Popper’s normative historically oriented iHPS. 

The three examples are: Vannevar Bush’s (1945) famous report Science, the 
Endless Frontier, Henry Etzkowitz’ 2008 The Triple Helix and the European 
Commission (2014) ‘self-evaluation form’ of the European Research Council’s 
(ERC) Starting and Consolidator Grant (a document provided to participants 
to self-evaluate the projects they submit to ERC for funding). I chose Bush’s 
report because of its historical importance in shaping Science Policy in the USA. 
Etzkowitz’s monograph is considered an example of contemporary academic 
discourse on Science Policy. Lastly, the European document provides a sample of 
documents generated by Science Policy institutions. 


4.2.1 Vannevar Bush’s science, the endless frontier 

During the Second World War, Vannevar Bush headed the United States 
Office of Scientific Research and Development (OSRD), which managed 
almost all wartime military research. This included the Manhattan Project, 
which carried out the wartime research and development that produced the 
first nuclear weapons. In 1945, Bush delivered to President Roosevelt a report, 
entitled Science, the Endless Frontier, which had a profound impact on post¬ 
war Science Policy in the USA. In the report, Bush stresses the strategic 
importance of scientific research for the future of the country after the war. 
Science and technology are depicted as the key to assure not only national 
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security, but also economic growth and public health. However, he adds, the 
essential condition to maximise the potential of science was a strong 
investment of public money into scientific research. Bush’s idea is that the 
market alone could not provide the capital needed for research projects, as 
research would have been considered an extremely high-risk investment. 
Therefore, the money needed for scientific research should be supplied by 
the government. The main proposal advanced in the report is that the huge 
funding that the US government granted to science during the war should 
have been maintained also in times of peace, with the creation of a National 
Science Foundation. 

In Bush’s argument, the distinction between basic and applied science is 

1 o 

pivotal. Today, these terms are widely used in Science Policy. However, at 
the time of Bush’s proposal, they were a recent acquisition since they were 
introduced in the 1920s during the British discussions on Science Policy. Bush 
actively contributed to shaping their meaning. In Science, the Endless Fron¬ 
tier , basic science is famously described as research ‘performed without 
thought of practical ends’, resulting in ‘general knowledge and an under¬ 
standing of nature and its laws’ (Bush 1945, p. 18). On the other hand, 
applied research is characterised by research devoted to solving practical 
problems, building from the results carried out in basic research : 

This general knowledge provides the means of answering a large number 
of important practical problems, though it may not give a complete spe¬ 
cific answer to any one of them. The function of applied research is to 
provide such complete answers. 

(Bush 1945, p. 18) 

The idea that knowledge flows unidirectionally from basic to applied research 
is central in Bush’s argument because it justifies the need of mainly funding 
basic research. This concept is in contrast to the pre-war US Science Policy, 
which basically only funded applied research (especially in agriculture and 
farming). 19 

The strategy used by Bush to justify his proposal builds on certain technological 
advancements that, he claims, could have been achieved only by progress in basic 
research. Radar was Bush's favourite example. Radar was a military device that 
was essential to defeat Germany, and it was developed thanks to basic research in 
physics. Another example is antibiotics (such as penicillin), which were the out¬ 
come of basic bio-medical research and were crucial in saving the lives of thou¬ 
sands of American soldiers during the war. 

We can say that Bush’s argument combines a normative proposal (the Science 
Policy principle of funding primarily basic research) with a set of examples that 
are patently desirable scientific outcomes, that is to say, they play an exemplary 
role. Thus, Bush’s examples have the same purpose as the examples of good 
science in Popper’s normative historically oriented iHPS. Therefore, both 
Popper and Bush base their arguments on the same logic, the exemplary logic. 
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In the case of Popper, this logic relates examples of good science (History of 
Science) to good scientific methodology (Philosophy of Science). In the case of 
Bush, it relates desirable scientific outcomes to good Science Policy principles. 
Once again, a descriptive part (the History of Science part) is circularly con¬ 
nected with a prescriptive part (the Philosophy of Science part). Indeed, some 
episodes, such as Einstein’s relativity theory for Popper, and radar and anti¬ 
biotics for Bush, are described as desirable scientific outcomes, that is to say 
exemplars. Starting from these exemplars, the authors build on strategies to 
prepare the ground for more exemplars: Popper formulates the idea of the 
conjectures and refutations method, while Bush states the principle of funding 
basic research. The whole process is indeed circular. Bush’s manifesto is the first 
example of circular logic, and it is a model of normative historically oriented 
iHPS. However, Science, the Endless Frontier was published in 1945 and is 
therefore a historic work. Hence, in the next section, I examine a recent Science 
Policy document to verify whether the same logic does still exist in current 
Science Policy. 


4.2.2 Henry Etzkowitz’s triple helix model of the relationship between 
university, industry and government 

The second instance I consider is Henry Etzkowitz’ 2008 monograph The 
Triple Helix. According to Etzkowitz, a closer integration of university, 
industry and government (the ‘triple helix’ mentioned in the title) is the key to 
increase growth and promote innovation in knowledge-based economies. The 
author proposes several policies to foster this integration. For instance, uni¬ 
versities are encouraged to become entrepreneurial by taking on some roles 
that are traditionally attributed to industry, such as the development of new 
firms and the capitalisation of knowledge. At the same time, companies are 
encouraged to develop high-level training programmes and share knowledge 
by establishing joint ventures. Thus, private companies are supposed to 
become a form of para-university. Finally, the government is meant to com¬ 
bine traditional regulatory activities with public venture actions by providing 
public capital to high-risk (but potentially high-gain) research-based compa¬ 
nies. Etzkowitz (2008, p. 1) thinks that the university should be the leading 
force of the triple helix, and he regards it as the ‘source of entrepreneurship 
and technology as well as critical inquiry’. 

Etzkowitz’s programmatic book is permeated by exemplary logic: as in 
the case of Bush, the proposed policies are always coupled with instances 
that exemplify those policies. For instance, the pillars of the entrepreneurial 
university are the following (Etzkowitz 2008, p. 27): 

1 Academic leadership able to formulate and implement a strategic vision. 

2 Legal control over academic resources, including physical property, such as 
university buildings, and intellectual property emanating from research. 
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3 Organisational capacity to transfer technology through patenting, licensing 
and establishment of business incubators. 

4 An entrepreneurial ethos among administrators, faculty members, and 
students. 

Each of these pillars is explained in Etzkowitz’s work as providing tangible 
examples of universities around the world that have adopted the suggested 
policies and have thrived thanks to them. For instance, the Renssellaer Poly¬ 
technic Institute (Troy, New York) is presented as the first institution that 
created an incubator (an organisation assisting university spin-offs that have 
their roots in academic research). Cases presented from Brazil and Africa 
exemplify the benefits of converting traditional universities into entrepre¬ 
neurial universities: according to the author, this transformation has helped to 
spread an entrepreneurial ethos within Brazilian society, and has solved 
technological crises in Africa. In Chapter One (‘Pathways to the triple helix’), 
the Boston Area and Silicon Valley in Northern California are pointed out as 
the best-case scenarios of the application of the triple helix model. 

Etzkowitz employs throughout the text the very same strategy: while the 
best-case scenarios are the evidence of the good policies he suggests, at the 
same time, he considers those policies good because they are required for the 
very existence of the best-case scenarios. As we can see, Etzkowitz’ reasoning 
shows circularity, a characteristic feature of the exemplary logic. First, certain 
episodes are chosen to serve as examples of best science, that is exemplars. 
Second, a sui generis Philosophy of Science is extracted from those exemplars, 
which leads to the creation of a model, namely the triple helix model. The 
model is then used to explain the necessary conditions that set the stage for 
exemplary episodes. Finally, this Philosophy of Science is translated into 
guidelines for Science Policy, guaranteeing that its implementation will lead to 
new best-practice models. - Therefore, we can conclude that the exemplary 
logic is still present in contemporary Science Policy texts, and, specifically, in 
the academic context. In order to address the question whether the exemplary 
logic exists also in the institutional discourse, I will now focus on European 
Science Policy documents, the final case-study of this chapter. 


4.2.3 European Research Council Science Policy 

The final instance of exemplary logic in Science Policy I consider here is the 
current European Research Council (ERC) policy, as it is represented by the 
self-evaluation form, which is provided by the European Commission (EC) to 
researchers submitting project proposals to the ERC (EC 2014). Although 
quite short, this document is particularly significant, since it summarises 
what kind of scientific research the EC plans to fund, and it illustrates the 
scientific desiderata of the EC. As I will show, these desiderata can be 
considered as the implicit normative Philosophy of Science that guides the 
European Research Council. 
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First, the research project should be ‘ground-breaking’, which means that 
the research should not follow existing research lines but it should be a true 
step beyond the state of the art." Research funded by the ERC should have 
the ambition to potentially revolutionise the whole research field by suggest¬ 
ing new paradigms and implementing novel methodologies. Interdisciplinarity 
is an important asset for projects: interdisciplinary research is more likely to 
lead to breakthroughs than research that only investigates a specific discipline. 
Moreover, the project should address important contemporary challenges: it 
should be ‘timely’, to put it in the Commission’s terms. These pending issues 
can be either science- or society-related. Scientific challenges include topics 
that have greatly attracted the attention of the scientific community in the 
past few years, whereas the societal challenges consist of all those issues that 
directly affect the life of European citizens. The rationale behind these criteria 
is that research should have an impact on citizens, as research should be able 
to improve their lives. In the ERC documents, the flag term that summarises 
all the features mentioned above is ‘frontier research’, where the adjective 
‘frontier’ means: frontier of knowledge (‘ground-breaking’), frontier among 
disciplines (‘interdisciplinarity’), and frontier between science and society, 
science and technology, science and industry (‘impact’). Research funded by 
the ERC should be ‘on the frontier' by any means. ~~ 

However, all these notions remain quite abstract, and applying them to real 
research projects might be challenging. Here is where the exemplary logic 
comes into play. The ERC and university grant offices supply the partici¬ 
pants with several examples of previously funded projects. By doing this, 
they aim to translate the abstract desiderata into something more concrete 
by providing tangible examples. ~ These examples represent models of good 
science to which applicants can refer as a guidance to write their own 
research proposals. These exemplars stand for good research models, which 
embody the scientific desiderata stated in the European policy. The policy, in 
turn, is supposed to guarantee that new good models will be produced. The 
circularity of the argument is, once again, analogous to the previous two 
Science Policy examples I examined. In the case of Bush, radar and anti¬ 
biotics were described as exemplary scientific outcomes. These episodes were 
then used to put forward a funding policy, where the priority was given to 
basic research instead of applied research. This policy, which can be seen as 
a normative Philosophy of Science, was in turn justified as the necessary 
condition to achieve new exemplary scientific outcomes, closing the circle of 
the exemplary logic. In the case of Etzkowitz, the descriptive and the nor¬ 
mative are even more intertwined. The ‘triple helix model’ is presented as a 
description of the best model of university-government-industry interaction, 
and at the same time as a normative proposal for successful Science Policy. 
Therefore, we can see that all the three cases I examined are shaped by the 
exemplary logic, which is the same logic at the core of normative historically 
oriented iHPS. Figure 4.1 schematically depicts the exemplary logic to clar¬ 
ify and better understand its circularity. 
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Figure 4.1 Exemplary logic diagram: The exemplary logic in Science Policy discourse 

(left) and in Popperian normative historically oriented iHPS (right). The 
typical circularity of this logic is clear in the diagram. The upper area of 
the diagram concerns the History of Science, while the bottom part the 
Philosophy of Science. 


4.3 The agenda of Philosophy of Science Policy 

The first section of this chapter introduced the distinctive integration between 
History and Philosophy of Science that underlies Popper’s iHPS, and that I 
previously called normative historically oriented iHPS. By examining three 
case studies, the previous section showed how the same integration underlies 
Science Policy, and demonstrated that this integration is achieved within a 
context, which is normative by definition (the Science Policy discourse). Thus, 
I concluded that Popper’s iHPS and Science Policy are isomorphic if we con¬ 
sider the way they integrate History and Philosophy of Science (the exemplary 
logic). This isomorphism strongly suggests the possibility of introducing a 
normative Philosophy of Science today, as long as, first, it integrates History 
and Philosophy of Science by following the exemplary logic, and, second, it 
takes into account the Science Policy context. Therefore, I argue that this 
revised normative Philosophy of Science should take the form of a Philosophy 
of Science Policy (PSP), a term that should maintain the double meaning of 
the genitive. In the objective sense, it should address topics in Science Policy, 
thanks to its double normative and historical nature. In the subjective sense, 
Science Policy should be a favourable context to its growth. The aim of this 
final section is to develop a research agenda for a Philosophy of Science 
Policy which will be linked to other lines of research that are currently pur¬ 
sued in Philosophy of Science and have been already extensively construed. 

Drawing inspiration from Reichenbach’s Experience and Prediction, I 
divide the aims of a Philosophy of Science Policy into a descriptive task, a 
critical task and an advisory task (Reichenbach 1938, pp. 3-16). The 
descriptive task pertains to the History of Science itself. On the other 
hand, the critical task mainly refers to the Philosophy of Science, while the 
advisory task is the context where the integration driven by the exemplary 
logic is fully realised. 
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When pursuing the descriptive task, the philosopher of Science Policy 
focuses on the categories that Science Policy uses to classify scientific 
activity. As previously explained, the Science Policy discourse classifies 
research, by coining new categories to endorse the directives of the policy 
(for instance ‘'basic research', ‘applied research’, ‘frontier research’, etc.). 
The philosopher of Science Policy should clarify the different taxonomies 
of Science Policy and reconstruct how they have emerged in history. 
Useful contributions to this kind of research can be found in historical 
semantics, as shown by the work of Desiree Schauz (2014; Schauz and 
Godin 2016), who tracked down the evolution of the meaning of different 
terms, for example ‘basic research’. Another important contribution is the 
work of Marc Pauly (2016), who designed an ontological framework to 
reconstruct the general ‘ontology’, or basic categories, of policies. In the 
descriptive task, it is important to take into account the political influence 
of the choices that were taken while drafting a Science Policy. These 
choices were the outcome of a complex negotiation between political and 
epistemological values. Reconstructing the implicit epistemology behind 
Science Policy is of crucial importance, as it allows us to pinpoint the 
epistemological values it promotes. In European Science Policy, for 
instance, the ERC positively evaluated interdisciplinarity, and the analysis 
of this policy has revealed the epistemological commitment of the ERC 
towards a specific epistemological value, interdisciplinarity. 

The descriptive task lays the foundations for the critical task. Philosophers 
of Science Policy should use models of scientific inquiry developed in Philo¬ 
sophy of Science (such as Kuhn's theory of scientific change, Lakatos’ meth¬ 
odology of scientific research programmes, Feyerabend’s epistemological 
anarchism) to evaluate and assess Science Policy. The ERC’s requirement that 
research should be ground-breaking shall serve as an example of this 
approach: from a Kuhnian perspective, being ground-breaking is a feature of 
revolutionary science. However, in the Kuhnian model, revolutionary science 
occurs during a paradigm crisis. A paradigm crisis happens only when the 
paradigm has been fully developed, and specifically when scientists identify 
predictions in the paradigm that are not verified by observations or 
experiments (these flaws are called by Kuhn ‘anomalies’ of the paradigm). 
Therefore, revolutionary science is the final stage of a long process of 
development of the paradigm. According to Kuhn’s (1970b, eh. 9) model, 
revolutionary and ground-breaking research cannot be generated at will. 
Hence, from this point of view, the ERC’s push towards ground-breaking 
research may seem like an artificial intervention into the scientific process, 
doomed to failure if the paradigm has not fully developed. The critical 
task of PSP consists in flagging up to the ERC this kind of potential 
problem of the policies, in order to overcome them. This critical task finds 
a natural ally in Steve Fuller’s (1988, 2015) social epistemology, that is 
defined as the study of what kinds of knowledge are desirable and how 
they can be best produced, assessed, and disseminated. 24 
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Finally, the advisory task of PSP is the synthesis between the descriptive 
and the critical task. The philosopher of Science Policy should step into the 
arena of Science Policy, advancing proposals for new science policies. This 
normative mission is the context where the integration between History and 
Philosophy of Science should be more prominent. While the exemplary con¬ 
cept of History of Science provides theoretical foundations for the normative 
use of case-studies in History of Science, the Philosophy of Science is the tool 
to actively design Science Policy. In contemporary Philosophy of Science, 
economic epistemology, and especially the recent research inspired by Philip 
Kitchers (1990) studies on the division of cognitive labour, constitute a 
research programme which is more closely in line with the outlined advisory 
task. Recently, some philosophers of science, such as Shahar Avin, have tried 
to deduce Science Policy consequences from economic epistemology, and, for 
instance, have proposed to assign a certain amount of research funding via a 
lottery. Indeed, the mathematical models used in economic epistemology 
seem to suggest that research would progress more efficiently in this way. - 

Conclusion 

In conclusion, I have introduced an effective and realistic approach to integrate 
History and Philosophy of Science, which I named Philosophy of Science 
Policy (PSP). I believe that PSP has a twofold aim. On the one hand, it is an 
answer to the long-standing debate about the integration between History and 
Philosophy of Science. To support this idea, I explained how PSP could inte¬ 
grate the two disciplines, taking inspiration from the normative historically 
oriented iHPS developed by Popper. On the other hand, I argue that it is 
indeed possible to introduce History and Philosophy of Science into the Science 
Policy arena, where important decisions about contemporary science and its 
future directions are actually taken. Indeed, I showed that the exemplary logic, 
typical of normative historically oriented iHPS, is also the principle of promi¬ 
nent examples of Science Policy discourses (Bush, Etzkowitz, and ERC). Thus, 
I demonstrated that Science Policy is a fertile ground for the development of 
the normative and historically oriented iHPS, as long as it takes the form of a 
PSP. I also outlined a research programme in PSP, where I identified three dif¬ 
ferent tasks: a descriptive, a critical, and an advisory task. To put this research 
programme into action, it is important to analyse more examples of Science 
Policy discourse. In this way, the descriptive task will have a wider and more 
complete coverage. With regard to the critical task, the next crucial step is to 
clarify and further develop the Science Policy implications of general theories 
about scientific change, such as the ones proposed by Imre Lakatos and Paul 
Feyerabend. Finally, as regards the advisory task, the most important step 
forward is to give voice to philosophers and historians of science in Science 
Policy circles, where policies are planned and decisions about the future of sci¬ 
ence are taken. As I stated at the beginning of this chapter, I believe that PSP 
has to be at the same time a research enterprise and a call for action. 
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Notes 

1 Since the focus is the inner logic of the debate, the presentation will not follow 
closely the chronology (even though it will not deviate considerably from the real 
course of events). For a similar reconstruction (but lacking the Hegelian element) 
see Steve Fuller (1993). See also Thomas Nickles (1995). 

2 A thesis that was contested famously by Imre Lakatos (1978) in ‘History of Science 
and its Rational Reconstruction’, where Lakatos argues that historical facts about 
science development are not independent from philosophical theory, but are framed 
by the underlying philosophy of science of the historian reconstructing them. 

3 For the classic criticisms of The Structure of Scientific Revolutions by Popper, 
Lakatos, Feyerabend, Watkins etc., the locus classicus is Lakatos and Musgrave 
(1970). Paul Hoyningen-Huene (2000); Wes Sharrock and Rupert Read (2002); and 
Alexander Bird (2000) present detailed and insightful reconstruction both of 
Kuhn’s thought and his major critics. 

4 A similar distinction is stated by Popper (1959), ch. 1. 

5 See Hans Reichenbach (1938), pp. 3-16. 

6 See Georg Spielthenner (2017) for a clear and up-to-date introduction to Hume’s 
law in practical ethics. 

7 Mainstream STS comes to mind, as well as Lorraine Daston and Peter Galison’s 
‘historical epistemology’ pursued in studies such as Objectivity (Daston and Galison, 
2007), where the authors explicitly claim that their narrative has no normative import. 

8 See the discussion of epistemological values developed by Kuhn (1977). 

9 Shapere reached the conclusion that science is whatever scientists say it is. See 
Dudley Shapere (1984), ch. 10 and Steve Fuller (1993). 

10 See Popper (1970). 

11 In ch. 9 of Structure, Kuhn discusses the parallelism between political and scientific 
revolutions. He argues that both are inaugurated by a growing sense of crisis, and 
both aim at changing existing institutions or paradigms in a way which is pro¬ 
hibited by those institutions and paradigms. See Kuhn 1970b, pp. 92-94. 

12 See Yoram Hazony (2012). 

13 This is true of neo-positivist philosophy of the 1960s. Pre-war logical empiricism 
exponents, such as Reichenbach and especially Otto Neurath, are closer to the 
exemplary view of History of Science. 

14 Sometimes, also research ethics is counted among Science Policy topics, under the 
label of Responsible Research and Innovation (RR1). 

15 See Ben R. Martin (2012). 

16 See Aant Elzinga (2012), for an enlightening historical reconstruction of how Sci¬ 
ence Policy regimes changed from the Humboldtian university reform to con¬ 
temporary globalised mega-science. 

17 It is worth stressing that I am not arguing that Science Policy amounts to iHPS in 
practice simpliciter. My point is that the discourses by which science policies are 
justified are shaped by the same logic underlying Popper’s integration of History 
and Philosophy of Science: the circular ‘exemplary’ logic binding together the 
normative and the descriptive. Thank you to an anonymous reviewer for high¬ 
lighting this point. 

18 It is worth remembering that the distinction between basic and applied science has 
been criticised by both historians of science and STS scholars, as unable to capture 
the reality of scientific practice. See, amongst others, Bruno Latour (1987); Peter 
Dear (2005); Steven Shapin (2008); and Peter Galison (2008). In the times of Bush, 
however, these terms were important notions within Science Policy debates. For 
example, the National Science Foundation (1953) Third Annual Report is entitled, 
tellingly, ‘What is Basic Research?’ and, ten years later, the OECD Frascati 
Manual codified the distinctions between ‘basic research’, ‘applied science’ and 
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‘development’. See Desiree Schauz (2014); Benoit Godin (2006); and Elzinga, 

( 2012 ). 

19 See Pietro Greco (2013). 

20 Etzkowitz does not himself use the term ‘philosophy of science’. However, given 
the generality of his considerations about science and their normative import, it 
does not seem wrong to use this term to label some of his ideas. 

21 In this analysis, I will focus only on the requirements of the project, leaving aside 
requirements on the Principal Investigator’s CV. 

22 The definition of ‘frontier research’ is available on https://erc.europa.eu/abou 
t-erc/mission (accessed 11 June 2017). See also the 2005 high-level expert group 
report Frontier Research: The European Challenge (European Commission 2005). 

23 They are available on the CORDIS database (http://cordis.europa.eu/projects/hom 
e_it.html). See also ERC website where funded projects (https://erc.europa.eu/p 
rojects-figures/erc-funded-projects) and ‘ERC Stories’ (https://erc.europa.eu/p 
rojects-figures/stories) are available (all links accessed 27 November 2017). 

24 See also Nancy Tuana (2010), which advocates a programme in Philosophy of 
Science Policy more focused on research ethics and ethical issues in conducting 
science. 

25 Some useful insights may be found in the recent Special Issue of ROARS Trans¬ 
actions. A Journal on Research Policy and Evaluation , devoted to ‘Research Policy: 
Insights from Social Epistemology’. See Petrovich and Viola (2018). 
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5 Historical epistemology and the 
‘marriage’ between History and 
Philosophy of Science 

Matteo Vagelli 


Introduction 

The coming together of history of science and philosophy of science is a far 
larger and more complex phenomenon than that which, almost exclusively 
referencing the Anglophone world and the work of Thomas S. Kuhn, goes by 
the name of the ‘historical turn in philosophy of science’. 1 The term ‘histor¬ 
ical epistemology’ instead has come to refer to a wider array of programmes 
for the combination of history and philosophy of science, ranging from the 
end of the nineteenth century to the present day. - But the heterogeneity of 
such programmes as well as the relatively recent proliferation of empirical 
studies grouped under the umbrella of historical epistemology have given rise 
to a complex and fragmented panorama constituted by what has been seen as 
a lack of coherence/ Indeed, philosophers and historians with very different 
backgrounds and interests have appealed to ‘historical epistemology’, espe¬ 
cially from the 1990s onwards, and their work has been flanked by questions 
about the nature, objects and methods implied by historical epistemology. 4 
What is remarkable is that the field of historical epistemology, despite its 
current proliferation, seems permanently haunted by questions relative to its 
nature, limits and ultimate tasks. Yves Gingras has critically remarked that 
the current heated discussion about the meaning and use of the expression 
‘historical epistemology’ is a will-o’-the-wisp, a transitory ‘brand into the 
market of ideas’. 5 In his view, ‘historical epistemology’ is the wrong name for 
an old programme: the sociology of knowledge, a longstanding historicist 
programme increasingly taken up since the 1970s by social studies of science 
proposing what Gingras calls a ‘sociological theory of scientific knowledge’. 6 

I believe, in contrast to Gingras, that the discussion of historical episte¬ 
mology in fact revolves around enduring difficulties in conceptualising the 
correct or most fruitful interaction between history and philosophy of science. 
In the next section of this chapter, I trace the recent questioning of historical 
epistemology back to the enduring and prevalently Anglophone debate over 
the ‘marriage’ between history and philosophy of science. I argue in the third 
section that this renewed interest can in turn be fruitfully situated in a French 
philosophical context. My main point is that French historical epistemology 
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(epistemologie historique) provides an example of a fully integrated approach 
between history and philosophy of science - one which, if carefully studied, 
could bring light to current Anglophone debates. In the fourth and last section 
of this chapter, I illustrate the distance of epistemologie historique from the 
contextualism and historicism, which, according to Gingras, characterise social 
studies of knowledge. 

5.1 The ‘marriage’ debate: how can History of Science and Philosophy 
of Science be combined? 

The so-called debate over the ‘marriage’ between history and philosophy of 
science arose in the 1960s, picked up momentum at the beginning of the 
1990s, and, thanks to renewed interest, has continued on into the twenty-first 
century. 7 The general problem of whether and how philosophy of science and 
history of science might be combined contains different sub-problems, ranging 
from the causes of scientific change and the best way to assess its rationality 
to the theory-ladenness of historical data and the very nature of philosophical 
analysis itself. In this section, I limit myself to what I take to be the main 
difficulty at the core of this debate. In a 2011 article, Jutta Schickore argues 
that the fatal flaw condemning philosophy and history to be endlessly mis¬ 
matched is the ‘confrontation model’, in which the two disciplines are not 
meshed to form a new approach but assembled as pre-given building blocks. 8 
In my view, Schickore’s assessment illuminates the two main tendencies within 
this debate: one assigning philosophy a guiding, normative role over history, 
the other giving predominance to history and fostering a more descriptive, 
empirical union between the two domains. The combination of history and 
philosophy of science has mainly taken place in a twofold manner, which, for 
the sake of brevity I will name respectively the a priori-normative and the 
empirical approaches. 9 

In the first case, a normative role is assigned to philosophy, which is 
understood as an abstract reflection upon the criteria of inference-drawing, 
theory formation or of rational theory change. Philosophy of science in this 
sense does not search for an understanding of what science is (even less for 
what science has been in the past) but for an explanation of what science 
ought to be in principle. 10 Hence, philosophy is a priori normative and 
therefore aims to develop its own ‘theory of theories’ regardless of actual sci¬ 
entific theories. This position is held by Norwood Russell Hanson (1962) and 
Roland Giere (1973) among others. Finding no strong conceptual rationale 
for history and philosophy of science, Hanson concludes that history of sci¬ 
ence is "irrelevant’ to philosophy, whereas Giere believes the relationship 
between the two disciplines to be a mere ‘marriage of convenience’, rather 
than an "intimate relationship’. 11 Nevertheless, a philosopher can ‘take a look’ 
outside of philosophy for instructive examples of inferences actually drawn by 
scientists in order to adjust his or her generalisations. “ According to this 
view, therefore, it is not a history of science that is needed by philosophers, 
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but a closer look at the actual practices of contemporary science. Accordingly, 
Giere believes it was not history that made Norwood R. Hanson’s, Thomas 
Kuhn’s or Stephen Toulmin’s criticisms of, and alternative proposals to, logical 
empiricism effective, but rather their appeals to real science. The fact that they 
referred to the science of 'Kepler and Darwin, rather than R. R Feynman and 
J. D. Watson may have been incidental.’ ’ In Giere’s view, the flaw undermining 
logical empiricists’ attempts at rationally explaining science was self-referenti- 
ality. This is why he concludes that a philosophy of science that referred to 
actual scientific practice would be at best ‘convenient’, because it would be less 
self-referential. 

In the second approach to history of science, history is taken as the 
laboratory where philosophical claims can be tested. Kuhn has for example 
suggested that the aim of the history of science is to provide examples and 
evidence for philosophers’ generalizations. 14 More particularly, Kuhn hints at 
a conception of philosophy of science aimed at providing a theory of science, 
one which must be subjected ‘to the same scrutiny regularly applied to the¬ 
ories in other fields’ and whose method of data collection is borrowed from 
the sciences themselves. 13 As a consequence, Kuhn could not propose any 
fully integrative approach between history and philosophy of science; on the 
contrary, he urged ‘history and philosophy of science [to] continue as separate 
disciplines. What is needed is less likely to be produced by marriage than by 
active discourse’. 16 Such dialogue between the two disciplines, he argued, 
should be inter-disciplinary rather than intra-disciplinary. The differences 
between the history and the philosophy of science, Kuhn maintained, should 
not be subverted, since no one can practise history and philosophy of science 
at the same time, but only alternately. 

A much more prominent advocate of this methodological naturalisation is 
Larry Laudan, who advanced the idea that the philosopher of science should use 
historical cases as data to produce an empirical theory of theory choice. 18 
Through a collective effort carried out at the Virginia Polytechnic Institute, 
Laudan promoted a philosophy of science founded upon the scientific practice of 
constructing and testing empirical theories. In 2011, well into the debate about 
the nature and meaning of historical epistemology as a new programme for 
integrating history and philosophy of science, we find a similar proposal by 
Philip Kitcher. In line with his advocacy for methodological naturalism, Kitcher 
deployed the metaphor of the laboratory of the history of science to emphasise 
the need for philosophy to avoid becoming mere armchair reflection. 19 

Over the years it is the empirical stance that has seemed to prevail, leading to 
a naturalisation not only of methods but also of its very object of inquiry. Giere, 
for instance, has recently revised his position by abandoning normativity and 
adopting a fully naturalised approach. He has come to conceive of philosophy as 
an empirical and fully naturalised enterprise, advancing theories about science 
that are liable to be true or false depending on whether they are in accordance or 
discordance with historical records. 20 In particular, Giere claims philosophy 
should be naturalised: reduced on the one hand to the cognitive sciences and to 
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the sociology of science on the other hand. - It should be remarked, however, 
that in both the a priori normative and the empirical, descriptive approaches the 
aim of philosophy is to produce a ‘ theory of science’, a ‘theory of scientific the¬ 
ories’ or a ‘ theory of conceptual change’. 

One cannot fail to notice that the contemporary use of the term ‘historical 
epistemology’ has been accompanied by the same kind of questions that 
characterised the ‘marriage’ debate. Lorenz Kruger, the principle inspiration 
for the creation of the Max Planck Institute in Berlin, was deeply involved in 
the marriage debate, at least from the end of the 1970s on. In his methodo¬ 
logical writings, he fostered a hermeneutic-historicist approach whose main 
tenet was the idea that the relationship between history and philosophy of 
science was a ‘marriage for the sake of reason’. - This continuity between 
problems and the terms deployed to articulate them is what makes it possible 
for Gingras to claim that ‘recent discussions of the term “historical episte¬ 
mology’” provide us with ‘an interesting example of branding in the field of 
(Anglo-Saxon) history and philosophy of science’. ~ Feest and Sturm, puzzled by 
the term ‘historical epistemology’, moreover have raised the following questions: 
‘is history necessary for epistemology? Is it useful? If so, in what ways and with 
what consequences? ... How should the relation between philosophy of science 
and history of science be understood? Is it an intimate relationship, or a marriage 
of either convenience or reason?’. 24 The persistence of the terms of the ‘marriage’ 
debate in the discussion of historical epistemology means that, despite the ‘his¬ 
torical drive’ of the 1960s, there is still need for integration between history and 
philosophy of science. 

r 

5.2 Epistemologie historique: an a posteriori normative approach to the 
History of Science 

It is surprising that contemporary debates about historical epistemology 
rarely refer to the French tradition of epistemologie historique and that, when 
such references are made, they are brief and unquestioning. In this section, 
I would like to begin to remedy this neglect by showing, on the one hand, 
how a comparative study (in this case between the French and Anglo¬ 
phone discussions) is a useful move toward the integration of history and 
philosophy of science. On the other hand, I will show that the historicisa- 
tion of epistemology was not a given in the French philosophical context, 
where the problem of how to combine epistemology and history of science 
was seriously taken up and actively discussed. 

In shifting our attention to the French tradition of historical epistemology, it is 
important to make a preliminary point concerning the aforementioned ‘theore¬ 
tical attitude’ of philosophy of science. The term ‘ epistemologie historique ’ has a 
natural sense in French, and its English version, ‘historical epistemology’, does 
not resonate to the Anglo-Saxon world. This is because the English word ‘epis¬ 
temology’ indexes what French philosophy refers to as theory of knowledge, or 
gnoseology. The French word ‘ epistemologie ’ is instead closer to ‘ philosophic des 
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sciences', the critical study of the principles, hypotheses and results of the diverse 
sciences, which is interested in determining their logical (and not psychological) 

0 c 

origin." Since Auguste Comte, this study has been conceived in France as 

O A 

necessarily or intrinsically historical, rather than theoretical or methodological." 

Qualifying epistemology with ‘historical' would therefore be almost redun¬ 
dant within a French philosophical context. Nevertheless, this does not mean, 
as commentators often surmise, that the implications of the different ways to 
historicise epistemology were not an issue in this context." On the contrary, as 
Cristina Chimisso has shown, the question of whether and how to combine 
philosophy and history - at first meant as the history of philosophy, then also 
as the history of science and general history - was a major preoccupation for a 
generation of French intellectuals who gained academic recognition at the turn 
of the twentieth century. 28 In this period, a naturalising trend with two poles 
can be detected among the widespread efforts to combine history and philoso¬ 
phy: one side aiming to frame philosophy through all-embracing historical 
syntheses, the other trying to neutrally draw on historical records to sustain 
philosophical claims. The former position was predominantly promoted by 
Henri Berr and his Centre de synthese historique, whereas the latter was held by 

r 

Emile Brehier and Leon Brunschvicg. On the one hand, Berr’s idea was that 
every particular history was part of a ‘total history’, or rather, an historical 
narrative that would not exclude any kind of material or disciplinary approach. 
Berr aimed to extend the methods of the natural sciences to the human sci¬ 
ences, thus making history a scientific and objective discipline. In particular, 
Berr favoured an inductive method that could generalise the results of large 
collections of data, like bibliographic entries. 29 If in Brehier’s view, on the other 
hand, history is to the philosopher what the experimental method is to the 
scientist, Brunschvicg's a posteriori study of the mind likewise needed the 

^ A 

laboratory of ‘history’ to observe reason at work/ 

Chimisso rightly presents Gaston Bachelard’s and Georges Canguilhem’s 
epistemologies as the height of such attempts to combine history and philosophy. 
In contrast with the empirical and naturalising trend just described, Bachelard 
and Canguilhem, while retaining an a posteriori approach, produced a normative 
turn in historiography that fundamentally opposed both the ideal of a total his¬ 
tory and that of an objective, neutral observation and collection of historical 

o i 

facts and data.’ In what follows, I will concentrate mainly on Canguilhem, 
whose historiographical reflection is particularly fitting to the ‘marriage’ debate - 
a fact which makes the failed dialogue between the Anglo-American and the 
Continental traditions all the more unfortunate. 

Georges Canguilhem (1904-1995) is a key figure of French epistemologie 
historique - not only was he Michel Foucault’s maitre, but he himself was also 
the ‘heir’ of Gaston Bachelard: he took from Bachelard the Chair of History 
and Philosophy of Science at the Sorbonne and the directorship of the Institut 
d’histoire et de philosophie des sciences et des techniques (IHPST). In his 1966 
talk titled ‘The object of the history of sciences’, presented at a conference in 
Montreal, Canguilhem challenged the historiography of science. He argued 
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that by reassessing the relation of philosophy to science, the philosopher could 
attain privileged access to the history of science, more so than scientists and 
historians themselves. Canguilhem’s paper aimed to better understand the nature 
and targets of history of science through a sharper understanding of its object. In 
order to make this point, Canguilhem identified a "properly philosophicar reason 
to engage the history of science: 

The strictly philosophical reason [to do the history of science] comes from 
this: without reference to an epistemology, a theory of knowledge would 
be a meditation on the void, and without relation to a history of sciences 
an epistemology would be a less important labor which was completely 
superfluous to the science of which it pretends to speak. “ 

On the one hand, without reference to the history of science, philosophy 
would be a mere repetition of the sciences, but, on the other hand, without 
reference to epistemology, history of science would be reduced to mere 
chronicle. Epistemology and the history of science from this perspective 
must collaborate and integrate one another’s perspectives: epistemology 
reclaims history in order to sort out the dialectic of conceptual rectification 
that constitutes science; history of science borrows from epistemology the 
knowledge-values currently ordering the chronological succession of theories 

'X 'x 

according to intellectual growth. ’’ Rather than independent and endlessly 
recombining, from this perspective history and philosophy of science are 
internally related. This passage by Canguilhem should therefore be read as 
the refusal of any confrontational model between history and philosophy 
of science. 

The core argument of Canguilhem’s text concerns the very object of 
history of science. He argues that many of the questions that can be raised 
with respect to the nature and function of history of science (who does the 
history of science? where, in which institutions? why, for what reasons?) are 
all fundamentally linked to this: what is history of science the history of? 
What is history of science about ? It is because this simple question (‘what 
is the object of the history of science?’) has been evaded that the philoso¬ 
pher’s privileged access to the history of science gets overlooked. The 
reason that such a question has been evaded or unasked may seem 
obvious: the object of the history of science is science, just like the object 
of any science, say crystallography, is crystals, a particular object of 
inquiry. Yet, Canguilhem suggests that, in the expression ‘science of crys¬ 
tals’, the preposition ‘of’ does not play the role of a genitive expressing 
possession (like being the owner of a dog). Rather, according to Canguil¬ 
hem, it indicates science or knowledge on, upon, about, crystals. 34 We 
should therefore ask what does it mean to have knowledge upon science? 
Are we supposed to build knowledge upon science in the same way we 
build knowledge upon crystals? A discussion of the kinds of objects at play 
is therefore in order. 
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In this context, Canguilhem distinguishes three types of objects: natural, scien¬ 
tific, and historical objects. The object of history of science belongs to the last 
category: it is an object that is intrinsically historical, whereas science is knowledge 
of a natural object - one that has no history. Crystals, the object of 
crystallography, might have a history only in the sense that the earth and its 
minerals have a history, but this history itself is something already there, pre-given 
to the historian of science. Alternatively, the object of history of science is per¬ 
manently unachieved, always in the making. Natural objects (e.g. crystals) do not 
correspond to scientific objects (e.g. to crystals defined in relation to the constancy 
of facet angles and the regularity of truncation according to systems of 
symmetries), as these are constituted by science itself and determined by scientific 
methods. Scientific objects can be said to be second to natural ones, but they do 
not derive from them. The same goes for the object of the history of science, which 
is second to the scientific object but is not derived from it. History of science 
constitutes and carves out its own object, which is, as Canguilhem says, the ‘his¬ 
toricity of scientific discourse’ itself, in so much as this historicity ‘represents the 
carrying out of an internally law-governed project, but one which is traversed by 
accidents, retarded or deflected by obstacles, interrupted by crises, i.e. moments of 
judgment and of truth’. The history of crystallography is therefore a discourse on 
the dynamic of historical change of discourses on the nature of crystals. 

Canguilhem is here reminding us that, if we do not bear these distinctions 
in mind, there is a constant risk of conflating the object of history of science 
and the scientific object. This reminder has important consequences for how 
we conceive the relation between history and philosophy of science. Accord¬ 
ing to Canguilhem there are two fundamentally distinct ways of carrying out 
the connection between the history and philosophy of science, i.e. two distinct 
ways in which epistemology and history of science can relate to one another 
(and this takes us back to the ‘marriage’ debate): history can be thought of as 
the laboratory of philosophy, or philosophy (and epistemology in particular) 
can be history’s tribunal. Canguilhem argued that it is the laboratory-theory, 
usually associated with an ‘experimental theory of the human mind’, that has 
gained the favour of the majority of specialists/ But Canguilhem warned 
that such a conception ‘turns back to copy the relation between the history of 
sciences and the sciences of which it is the history from the relation between 
that science and the objects of which it is the science’. 38 Extending the experi¬ 
mental relation from science to its history reveals a rather narrow understanding 
of the functioning of science, since the experimental relation is only one of the 
possible ways in which science relates to its objects. Behind the extension of the 
laboratory model from science to the history of science there is the enduring idea 
that science is reducible to a unique and eternal scientific method ‘slumbering at 
times, vigilant and active in others’. 39 The image of the history of science as a 
‘mental microscope’ that enlarges pre-existing objects is unable to get at the his¬ 
toricity of science, since it only presupposes the ‘injection of duration into the 
exposition of scientific results’. 40 This attitude is only deceptively historical and 
in fact prevents any access to the historical dimension of science. This is because, 
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as Canguilhem wrote in 1963, in a text dedicated to the role played by history of 
science in Bachelard’s epistemological works, a ‘'mental microscope does not 
distinguish between a difficulty and an obstacle, between delay and wander ... A 
microscope does not judge. A microscope might detect a movement, but it 
cannot reveal a dialectic’. 41 That is why, in his 1966 talk, Canguilhem argues that 
it is not a laboratory but a tribunal that is needed to capture and render visible 
the dialectic of conceptual rectification constituting science: 

In order to understand the function and significance of a history of sciences 
one can oppose to the model of the laboratory that of the school, or of the 
tribunal, of an institution and of a place where judgments are brought to 
bear on the past of knowledge, on the knowledge of the past. But here one 
needs a judge. It is the epistemologist who is called to furnish history with 
the principle of judgment by teaching it the most recent language spoken by 
some science, chemistry for example, and in thus permitting it to retreat into 
the past, back to the time when this language ceases to be intelligible or 
translatable into any more loose or more commonplace language which was 
spoken before. 42 

Canguilhem is here arguing that if one conflates the scientific object with the 
historical object, one is led to use the metaphor of the laboratory, and hence 
to construct history of science as itself a science. In order to do away with this 
wrongheaded association, one has to maintain the specificity of the object of 
the history of science through the adoption of the alternative historio¬ 
graphical model, that of the tribunal. 

Both the metaphor of the tribunal and of the school can be traced back to 
Bachelard, who taught secondary school classes ( lycee ) before taking his 
position at the Sorbonne. Bachelard claimed that philosophers should instruct 
themselves at the school of the sciences and produce a history of science 
which follows accordingly. 43 In continuity with Bachelard, Canguilhem held 
that epistemology helps discriminate between lapsed and sanctioned history 
(histoire perimee on sanctionnee ), or rather, between those theories that are 
recognised as being still part of an actual science and those that are relegated 
to the repertoire of imaginary, abandoned beliefs. 44 But Canguilhem also 
advanced an important additional warning concerning the meaning and 
function of the judgments the epistemologist is demanded to produce: 

A judgment on this matter is neither a purge nor an execution. The 
history of sciences is not the progress of sciences in reverse, i.e. the 
putting into perspective of outmoded stages whose truth is today on 
the point of disappearing. It is an effort to enquire into and give an 
understanding of the extent to which outmoded notions or attitudes or 
methods were, in their time, successful; and consequently of the 
respect in which the outmoded past remains the past of an activity for 
which it is necessary to retain the term ‘scientific’. 45 
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Here Canguilhem means that history of science is not written once and for 
all, but is, on the contrary, always unstable, always in need of rectification. As 
a result, our scientific past can not only change, but in fact necessarily and 
continuously changes through the advancement of both scientific production 
and historiographical reflection. 

Before coming back to the ‘marriage’ debate, I should dwell for a moment 
on the consequences that this normative stance had on the histories of science 
that Canguilhem produced. While Bachelard dealt mostly with geometry, 
physics and chemistry, Canguilhem focused on the medical and the life sci¬ 
ences. 46 The physiological concept of reflex, for instance, was the object of his 
secondary doctoral thesis, directed by Bachelard. Standard historiography 
traces the concept of reflex action back to a mechanistic framework and 
credits Descartes with its discovery. This conclusion shows, according to 
Canguilhem, a poor understanding of physiology by historians of science. A 
neural reflex is currently defined in physiology as a spontaneous movement 
caused by the peripheral neural system, without the involvement of the central 
system. This distinctive feature cannot be found anywhere in Descartes’ texts, 
and Canguilhem shows that it in fact belongs to the physician Thomas Willis 
(De motu musculari, 1670) and the vitalist and animist framework inspiring his 
work. 47 Since Descartes and Willis, this concept has undergone three relevant 
revisions - in clinical medicine, in physiology and in psychology - and any 
historical account that does not observe these revisions has not been sufficiently 
instructed by epistemology. A triumphalist history of physiology ascribes the 
invention of reflex to the mechanist framework, because mechanistic philoso¬ 
phy was, from the nineteenth century onwards, dominant, while the vitalist one 
was considered lapsed. 48 In this ‘objective’ account, the element of judgment is 
disguised or ‘sanitised’, so to speak. 

However brief, this glimpse at Canguilhem’s historiographical production 
shows that his ‘normative turn’ consisted in the recursive use of an actual 
norm or value established in current science on the history of that science 
itself. This particular type of history thus takes the name ‘recurrent history’. 49 
Bachelard developed the idea of a recurrent history in order to break with 
teleological narratives - theories growing spontaneously out of everyday 
experience and flowing spontaneously into another one. For both Bachelard 
and Canguilhem, the history of science cannot be ‘objective’ or ‘neutral’: 
epistemologie is needed to discriminate between what is perime (lapsed) and 
what is sanctionne (approved) in the history of thought. 

5.3 Normative, Whig and presentist history 

I now turn to show how this ‘French’ discussion can provide resources for 
the Anglophone context of the ‘marriage debate’. One of the major terms of 
this debate, as mentioned above, is its sub-problem of the theory-ladenness 
of historical data. This preoccupation, which cast a negative light over all 
‘philosophical’ uses of history, emerged in particular among advocates of 
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the empirical approach to bringing together history and philosophy. It concerns 
the risk of a biased use of history by philosophers seeking raw material as 
external evidence to prove their theories. This worry is multi-faceted, and it may 
appear in the literature under the name of‘dilemma of case studies’. 50 Indeed, of 
the many ways in which philosophy can be seen to be ‘altering’ history, the risk 
of anachronism is the most feared - at least since Herbert Butterfield’s The Whig 
Interpretation of History (1931). This fear of biased history often turns into 
striving for objectivity. The ideal of a ‘sanitised’ history is claimed as the only 
one providing some support to philosophical argumentations. But this ideal, 
urging philosophers to appeal to history only as an external source to be treated 
as independent seems to reinforce the ‘confrontational model’ and hinders real 
integration between historical and philosophical perspectives. 

Hasok Chang has interestingly challenged this view and claimed that, in rea¬ 
lity, ‘we have never been Whiggish’. 51 Chang distinguishes Whiggism from pre- 
sentism and triumphalism, three different historiographical attitudes that are 
usually conflated. He regards the second, presentism, as unavoidable given the 
fact that the historian has no choice but to be in the present. Whiggism, on the 
contrary, is a form of presentism underwritten by progressiveness, the idea that 
the present is superior to the past. Historians’ attempts to shun all epistemic 
judgments in the pursuit of an ideal objective and neutral history is only, 
according to Chang, ‘a judgmental stance disguised as non-judgment’. Indeed, it 
ends being a form of ‘triumphalism’, an ‘uncritical celebration of anybody who 
won at the time regardless of whether he was right by today’s standards’. “ For 
Chang, both internalist historians and sociologists working within the Strong 
Programme tend to uphold the same ideal of historiographical neutrality. Indeed, 
the principle of symmetry calls for the value of truth itself to be bracketed, so to 
speak, so that scientific ‘winners’ and ‘losers’ are treated in the same manner. 53 

The normative turn characterising Bachelard’s and Canguilhem’s approa¬ 
ches could appear to Larry Laudan, but also to Bernard Cohen and many 
other ‘anti-presentist’ philosophers and historians of science, as a kind of 
Whiggish, naively outdated history - a biased reconstruction that relies on 
current values and organises the past accordingly. 54 As I have just shown, 
their historiographical approach took the form of a recurrent history in which 
the epistemologist, through a regulated use of anachronism, imposes on the 
history of science the norms and values characterising the science con¬ 
temporary with his or her analysis. But it is in fact this standpoint, I argue, 
that grants epistemology the role, in Canguilhem’s own words, of teaching the 
historian ‘the most recent language spoken by some science’. 55 In this respect, 
Canguilhem maintained that 

there is a clear difference between retrospective critical evaluation of the 
scientific past in the light of a present state of knowledge (which is cer¬ 
tain, precisely because it is scientific, to be surpassed or rectified in the 
future) and a systematic, quasi-automatic application to the past of some 
standard model of scientific theory. 56 
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Various attempts at ‘naturalising’ the history of science, that is, at making 
history of science as scientific and objective as science itself by using its very 
methods, would only amount, in Canguilhem’s eyes, to slightly different ver¬ 
sions of a ‘scientific inquisition’ of past theories. These histories of science 
would be ‘ideological’, in that, as Canguilhem claimed in his 1969 talk titled 
‘What is a scientific ideology?’, history of science can be ideological if it has a 
false consciousness (fausse conscience) of its object: the closer it thinks to be 

^ 7 

to its object, the more it misses it. 

As we have seen, especially in 5.1, the general tendency towards a pro¬ 
gressive naturalisation of philosophy of science is propelled by the ambition 
of ‘being closer’ to the sciences, both their objects and their methods. In 5.2, 
we saw how Canguilhem’s historical epistemology instead introduces a dis¬ 
tance from its object - a distance that is opened by acknowledgement of the 
‘artificiality’ of the object of history of science, which is constructed by the his¬ 
torian. Bachelard and Canguilhem seem therefore to endorse a particular kind 
of perspectival history, whose distinguishing feature is the establishment of a 
dynamic relation between the past and the present. In this respect, Canguilhem’s 
and Bachelard’s recurrent histories, seen from a larger perspective, instantiate a 
particular form of presentism, one which avoids triumphalism and above all 
objective or neutral narratives. 58 As a consequence, what becomes clear is the 
incompatibility of this historiographical approach with both the principle of 
context-dependence and that of symmetry between the ‘winning’ and the ‘losing’ 
sides of a scientific dispute, two of the main tenets of both historicism and the 
sociology of knowledge. 

Conclusion 

I started with the remark that philosophy was not suddenly historicised at the 
start of the 1960s. Rather, the oscillation between a normative and a descriptive 
relation between history and philosophy of science created the situation in which 
the relationship between the two became unstable. History and philosophy did 
not merge into a single discipline, like a chemical compound, but remained 
independent entities that gave birth to a new umbrella term: the hyphenated 
history-and-philosophy of science. Turning to ‘French’ epistemology, however, 
one finds an example of the integration of history-and-philosophy of science in 
the resolutely normative (but a posteriori ) approach. Analysis of French histor¬ 
ical epistemology enables us to single out three methodological points important 
for an integrated approach in history and philosophy of science: first, it is not 
enough for the philosopher of science to get closer to scientific practice but it is 
the historicity of science itself that he or she should address. As a consequence, 
the confrontational model dominating the ‘marriage’ debate is inadequate: his¬ 
tory and philosophy of science should be intrinsically integrated with one 
another from the start. This also means that the laboratory model prevalent in 
naturalised approaches to history and philosophy of science is wrongheaded: 
epistemology is normative, and the philosopher plays the role of a courtroom 
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judge with respect to history of science. These insights, formulated by Canguil- 
hem mainly in the 1960s, seem all the more fitting today in a landscape of 
increasingly naturalised historiographical approaches and an expanding field of 
digital humanities promoting quantified, data-driven and distant reading meth¬ 
ods. This is why integrated history and philosophy of science cannot do without 
an integrated history of philosophy of science - one which is comparative and 
takes into account both Anglo-American and so-called Continental histories 
and philosophies of science. In this sense, historical epistemology, in both its 
French and its contemporary Anglophone iterations, should be understood as a 
dynamic conceptual arena for continued discussion of how we might effectively 
integrate history and philosophy of science. 

Notes 

1 See Bird 2008. 

2 See Rheinberger 2010. In Rheinberger’s account, the ‘historicizing of epistemology’ 
is a long-running process borrowing from both the positivism of Ernst Mach and the 
conventionalism of Henri-Poincare, the phenomenology of Edmund Elusseii and 
Martin Heidegger as well as the historical-philosophical works of Ian Hacking and 
Bruno Latour, among others. 

3 The creation, under the flag of historical epistemology, of the Max Planck Institute 
for the History of Science (MPI) in 1994 catalysed this proliferation. Some exam¬ 
ples of the diversity of themes involved in historical epistemology include analysis 
of the birth of the ‘modern fact’ by the sociologist and historian Mary Poovey 
(1998), the study of the origins of writing by Peter Damerow (2006), and the study 
of the emergence of sexuality by A. I. Davidson (2001). On the accusation of 
incoherence among historical epistemologies, see Gingras 2010, pp. 444-447 and 
Feest and Sturm 2011, p. 286. 

4 In this respect, it is sufficient to look at the most recent international conferences 
on this subject: “What (good) is Historical Epistemology?” organized by the MPI 
in Berlin in 2008 (Feest and Sturm 2011) or “What is Historical Epistemology?” 
and “What Does Historical Epistemology Want?”, the respective titles of two dis¬ 
cussions held at Columbia University in 2008. For a discussion of the meaning of 
the term “historical epistemology” in relation to the work being done at the MPI, 
see Hacking (1999; 2002). 

5 Gingras 2010, p. 441. 

6 Ibid., p. 447. 

7 See for instance Domski and Dickinson (2010) and Laudan and Laudan (2016). 
Schickore (2011) provides a good digest of publications and events concerning the 
relation between history and philosophy of science. 

8 Schickore (2011). I find Schickore’s overall reconstruction of the ‘marriage’ debate 
compelling but I tend to disagree on her reading of Canguilhem. 

9 I am here partially reformulating Burian (2001), who distinguished between a 
‘top-down’ and a ‘bottom-up’ kind of relation between history and philosophy of 
science: in the former, philosophical claims are meant to be tested against 
empirical evidence; in the latter, generalisations are drawn on the basis of the 
available historical records. 

10 This is one formulation, given by R. Giere (1973), of what is known as the ‘is- 
ought problem’. 

11 The reference here is to the title of Giere’s 1973 paper ‘History and Philosophy of 
Science: Intimate Relationship or Marriage of Convenience?’ and to its conclusion: 
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‘the primary relationships for philosophy of science are with philosophy and sci¬ 
ence. Likewise, the primary relationships for history of science are with history and 
science. What they have in common is science. But this common interest is not a 
sufficient basis for other than a marriage of convenience’ (Giere 1973, p. 296). 

12 ibid., p. 290. 

13 ibid., p. 290. This position is not dissimilar from that held by Kuhn, who main¬ 
tained that philosophy of science should be improved and made less abstract by 
resorting to history of science in order to bridge the gap between the sciences and 
provide data and examples. But present science for Kuhn is better than that of the 
past in terms of being a proximate source of first-hand information about scientific 
practice (see Kuhn 1977, pp. 5, 7). 

14 Kuhn 1977, pp. 5, 7. 

15 Kuhn 1962, pp. 8-9: ‘How could history of science fail to be a source of phenom¬ 
ena to which theories about knowledge may legitimately be asked to apply?’ 

16 Kuhn 1977, p. 20. 

17 Ibid., p. 4. Kuhn used to say that he wore two hats, one as a historian of science 
and another as a philosopher of science, but, as has been argued by many scholars 
(see for instance Galison 1981, p. 72), he did not wear them simultaneously. 

18 Laudan 1987, p. 24: T am suggesting that we conceive rules or maxims as resting 
on claims about the empirical world [if 1 do this, I pursue that], claims to be 
assayed in precisely the same ways in which we test other empirical theories. 
Methodological rules [...] are a part of empirical knowledge, not something wholly 
different from it’. Cf. Laudan 1989, p. 11. 

19 See §3, ‘History as the Methodologist’s Laboratory’, in Kitcher (2011). The paper 
by Kitcher is part of Feest and Sturm (2011), which illustrates the continuity 
between the ‘marriage’ debate and the debate over the sense and use of the term 
‘historical epistemology’ in the Anglophone world. 

20 See Giere in Mauskopf and Schmaltz 2012, p. 61: ‘I came to the conclusion that 
philosophy of science should be transformed into something like the theory of sci¬ 
ence. That is, philosophers should be in the business of constructing a theoretical 
account of how science works. Philosophical claims about science would then have 
the status of empirical theories. In short, the philosophy of science should be nat¬ 
uralized. This means, among other things, giving up pretensions to finding auton¬ 
omous standards for the practice of science’. 

21 Giere 1988. 

22 Kruger 1982. See also Kruger 2005[1978]. See Klodian-Coko’s contribution to the 
present volume for an example of the hermeneutic-historicist approach in history 
and philosophy of science. 

23 Gingras 2010, p. 441. 

24 Feest and Sturm 2011, p. 287. 

25 Lalande 1972, pp. 293-294. 

26 This is the sense in which Rheinberger uses the term ‘epistemology’: to indicate a 
reflection ‘on the historical conditions under which, and the means with which, 
things are made into objects of knowledge. It focuses thus on the process of gen¬ 
erating scientific knowledge and the ways in which it is initiated and maintained’ 
(Rheinberger 2010, p. 2). 

27 See for example Gingras (2010, p. 442) and Feest and Sturm (2011, p. 288). 

28 My main reference in this respect is Chimisso (2003; 2008), who provides the fun¬ 
damental background needed to account for the emergence of Bachelard’s and 
Canguilhem’s reflections. 

29 Chimisso 2008, pp. 91-93. Brehier considered bibliographic entries an example of 
data that the historians should collect. 

30 Brehier’s idea occurs in the unsigned editorial of the first issue of Revue d’histoire 
de hi philosophie and is therefore attributable to its director Emile Brehier (see 
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Anonymous (1927), quoted in Chimisso 2003, p. 303). For Brunschvicg’s take on 
the issue see L. Brunschvicg et at. ‘Histoire et Philosophie. Seance du 31 mai 
1923’, p. 162, quoted in Chimisso 2008, p. 73. 

31 For another take on the normative turn of French historical epistemology see the 
chapter by Simons contained in this volume. 

32 Canguilhem 2005, p. 200. This passage can be read as a reformulation of Abel 
Rey: ‘la theorie de la connaissance n’est qu’une ideologic vague ou une dialectique 
verbale, sans l’histoire philosophique de la science’ (Rey 1935, p. XV1I1). With 
these words, Rey meant to convey an aversion for any philosophy of science 
intended as a theory of science ( Erkenntnistheorie ) or a general methodology of 
science. To some extent this is a modulation or echo of the Kantian motto 
(Thoughts without content are empty, intuitions without concepts, blind’), which 
Hanson (1962) and Lakatos (1971) later rephrase (‘Philosophy of Science without 
History of Science is empty. History of Science without Philosophy of Science is 
blind’). 

33 Canguilhem 1974, p. 66. 

34 Canguilhem 2005, pp. 202-203. 

35 ibid. 

36 Canguilhem 2005, p. 203. As an instance of such a discourse Canguilhem quotes 
Helene Metzger’s La genese de la science des cristaux (1918). 

37 ibid., p. 200. 

38 Ibid. Particularly striking here is the contrast with Laudan (cf. footnote 18 infra). 

39 Ibid. 

40 ibid. 

41 Canguilhem 1968, p. 180. This translation is mine. 

42 Canguilhem 2005, p. 200. Rheinberger, in his historical survey on the primarily 
twentieth-century process that brought epistemology to hybridise with history, 
claims that ‘Historical epistemology has its own permanent laboratory in the past 
and future history of the sciences’ - thus obscuring the normative metaphor of the 
tribunal. Rheinberger (2010, p. 66) misinterprets Canguilhem’s use of the metaphor 
of the laboratory, assuming he is subscribing to the position of Eduard J. Dijk- 
sterhuis, the Dutch historian of science whose version of the metaphor Canguilhem 
discusses in his 1966 talk. As we have just shown, Canguilhem reports this image 
as one of the two possible ways of doing history of science, the other being the 
tribunal, or court, where the historian plays the role of the judge. It is this latter 
image that Canguilhem explicitly endorses. Rheinberger’s reading has produced 
some distortions, including Schickore’s (Schickore 2011; Arabatzis and Schickore 
2012) depiction of Canguilhem as an anti-normative historicist-hermeneutist. This 
is clearly not the case, since, as we shall see, Canguilhem’s historical epistemology 
is thoroughly normative. 

43 See Chimisso 2001, Ch. 3 in which Bachelard’s rationalism is read through the 
teacher-pupil dialectic. 

44 Bachelard 1951, p. 25. 

45 Canguilhem 2005, p. 201. 

46 Chimisso rightly points out that Bachelard’s and Canguilhem’s respective approa¬ 
ches to the normative turn show remarkable divergences, in part as a consequence 
of the specific sciences to which they are applied (Chimisso 2003, 2015). For the 
sake of the argument developed here, I am more interested in the continuities 
between them than in their particularities. 

47 Canguilhem 1955, pp. 60-69. 

48 I borrow the idea of a ‘triumphalist’ history of science from Chang (2009), about 
which I will say more later. 

49 Canguilhem 1955, pp. 166-167. 

50 See Hull 1993, Pitt 2001, and Burian 2001. 
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51 Chang exemplifies his claim with reference to the historiography of chemistry and 
in particular to the standard accounts of the abandonment of the phlogiston 
theory and the success of Lavoisier’s chemical revolution. 

52 Chang 2009, p. 251. 

53 Chang 2009, p. 253. 

54 For Cohen’s anti-presentist worries, see Cohen (1974). 

55 See footnote 42 above. 

56 Canguilhem 1988, p. 12. 

57 Canguilhem 1981, p. 24: ‘An ideology is ... a knowledge as far from its given 
object as it thinks itself bound to it. Here ideology would be the misunderstanding 
of the fact that any knowledge with a critical grasp of its project and its problem 
knows from the start that it is at some distance away from its operationally con¬ 
stituted object’. 

58 On the necessity to reassess presentism in the light of French historical epistemol¬ 
ogy, see Braunstein 2008 and Loison 2016. 
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6 Obligation to judge or judging 
obligations: The integration of 
philosophy and science in Francophone 
Philosophy of Science 

Massimiliano Simons 


Introduction: What French epistemology can offer iHPS 

At the beginning of the 1970s, the Hungarian-born philosopher of science 
Imre Lakatos (1981, p. 107) famously claimed: 'Philosophy of science without 
history of science is empty; history of science without philosophy of science is 
blind.’ In the wake of this slogan, integrated History and Philosophy of Sci¬ 
ence (iHPS) has often been understood in two ways. Firstly, Philosophy of 
Science (PS) needs History of Science (HS) for its content. A good illustration 
of this is the plea made in the 1980s by authors such as Ian Hacking or Peter 
Galison for the necessity of a ‘philosophy of experiment’. These authors 
argued through specific historical case studies that PS must be enriched by a 
second dimension: science is more than just theory, it also includes a specific 
logic of experimentation, which ‘has a life of its own’ (Hacking 1983, p. 150). 

Secondly, PS can also be deemed necessary for HS because certain discussions 
about science cannot be resolved through purely empirical means. Take the debate 
between realism and constructivism, a practical example of which is whether 
DNA has an independent existence or is rather a product of scientific research. 
Philosophers such as Alan Nelson (1994) have argued that such questions cannot 
be resolved by historical means only, but also need philosophical work. 

Both these examples show that iHPS is warranted. Nevertheless, thinkers 
such as Larry Laudan (1989, p. 11) have concluded that ‘historically based 
philosophy of science often remains more a slogan than a reality’. More 
recently Jutta Schickore (2011) has argued that the major reason for this 
unsuccessful integration is the ‘confrontational model’ that ‘has dominated the 
debates about iHPS until today’ (p. 462). Schickore here is referring to how in 
iHPS, historical case studies are merely seen as testing grounds for abstract 
philosophical theories, and she argues that such a model is ‘highly problematic, 
best to be abandoned’ (p. 456). Instead she argues for a hermeneutical 
approach, starting from the idea that PS always already implies a historical 
perspective. iHPS should be about this interconnectedness of PS and HS. 

The aim of this chapter is to show how Francophone PS, or what is called 
French (historical) epistemology, embodies this interconnectedness. Moreover, 
a novel approach to what constitutes French epistemology will be developed 
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here, going beyond a purely historical survey or a re-evaluation of a range of 
concepts found in this tradition. 1 The aim is instead to highlight two metho¬ 
dological principles at work in French epistemology that are often in tension 
with one another, but are not recognised as such in the literature. This will be 
done in the first section of the chapter by highlighting some general char¬ 
acteristics of French epistemology and subsequently elaborating these two 
principles. First of all, there is a primacy of science over philosophy: for 
French epistemologists scientific practices, and not philosophy, should provide 
the relevant categories by which these practices can be understood. Secondly, 
at the same time, French thinkers feel the obligation to make a normative 
judgement about the history of science. The foundation for such normative 
judgements remains disputed, especially in the light of the first principle. 

In the second section of this chapter, this tension will be illustrated by one of 
French epistemology’s central figures, namely Gaston Bachelard. Both princi¬ 
ples are present in his work: the primacy of science over philosophy in his 
‘surrationalism’, with his normative judgements about the history of science 
being present in his distinction between lapsed and sanctioned history. 
The third and final part of tins chapter will further argue that these principles 
are still at work in contemporary Francophone philosophers such as Michel 
Serres, Bruno Latour and Isabelle Stengers, a fact neglected within the litera¬ 
ture. Their work must be understood as still being loyal to the principle of the 
primacy of science, but as dealing with the normative question in a rather dif¬ 
ferent way. This novel approach, that I will call ‘judging obligations’, will be 
illustrated through the work of Stengers. 

As stated before, the goal is not solely to give a historical overview, but to 
show how these ideas are useful for contemporary discussions. First of all, the 
principle of the primacy of science can be a very productive tool to develop a 
hermeneutical approach to iHPS. Secondly, the question of normativity will 
be readdressed. Authors within iHPS have often noted that there is a tension 
between a descriptive HS and a normative PS. For this dilemma, Stengers 
offers a novel way out, in which one can both aim for comprehensive histor¬ 
ical descriptions and nevertheless allow normative judgements about scientific 
practices. 

6.1 French historical epistemology: an overview 

6.1.1 The primacy of science over philosophy 

French epistemology can be seen as a distinct way of integrating PS and HS, 
different from those in the Anglo-American or analytic tradition. Traditionally, 
one associates PS with attempts to formulate specific criteria for scientificity. 
Often the aim is to conceptualise a timeless model of science, namely a model 
that would work for any specific moment in time. Moreover, analytic PS tries to 
create a norm for scientific practice, i.e. to specify a way in which science should 
behave rather than dealing with how it actually behaves. In tins sense PS has 
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the task of dictating to the scientist how to do science. It is precisely such an a 
priori approach that many scholars in iHPS find problematic and to which they 
aim to offer an alternative. 

In France, however, the philosophical landscape is completely different. 
There has never been a real distinction between PS and HS that has 
needed to be bridged in the first place. Rather, in French epistemology, PS 
and HS have always been integrated in a very particular way. There are 
several explanations for this. Firstly, there are institutional reasons. For 
instance, the first French chairs and institutions devoted to HS were 
founded by philosophers such as Gaston Milhaud (1858-1918) and Abel 
Rey (1873-1940). Moreover, French philosophy students have always had 
to combine their philosophical studies with a scientific discipline. 4 

Secondly, there is the intellectual legacy of Auguste Comte (1798-1857), 
who claimed that the only significant way to do epistemology is through HS. 
The latter is thus chosen as a method for non-historical goals: if French 
epistemologists write histories of science, it is never to focus on finding out 
specific historical details, but in order to ‘write the history of the mind’. 5 The 
French epistemologist Leon Brunschvicg (1869-1944) illustrates this by 
refusing to label himself as a historian, despite having written several histor¬ 
ical studies about physics and mathematics, and instead claiming that his task 
was ‘not to know the nature of things, but to tell how the human mind works’. 6 

Brunschvicg contrasted his own ‘philosophy of thought’ with traditional 
PS. According to him, the latter was the attempt to flesh out a general fra¬ 
mework for the conditions of the possibility of thought with the result of 
merely imposing on scientific thinking some historically situated categories. 
His own philosophy of thought, on the other hand, followed ‘the course of 
thought with all the twists and sharp turns, the steady lakes and rapid water- 
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falls, the natural rivers’. Brunschvicg’s contemporary, Emile Meyerson 
(1859-1933), made a similar distinction between ‘philosophy of nature’ and 
‘philosophy of the intellect’. For Meyerson specific historical facts are not 
relevant as such, since he ‘only deals with them as indicators of the role they 
played in reasoning’. 8 

At first sight it might seem strange that history could be of any help in 
understanding the human mind since the latter is traditionally the object of 
psychology. French epistemologists were, however, deeply critical of psychology’s 
methods. They were especially skeptical towards introspective epistemology, 
where the mind looks inward and tries to understand itself by self-reflection. 
According to French epistemologists there is no reason to believe that the mind 
has immediate access to its own content. 

In his Course positiviste, for instance, Comte (1998, p. 80) refuted the ‘psy¬ 
chological method' by which the mind ‘pretends to accomplish the discovery 
of the laws of the human mind by contemplating it in itself’. For him, this 
kind of enquiry only leads to biases and prejudices. The only ‘scientific’ way 
to understand how knowledge is produced is by looking at its history, namely 
HS. Similarly, Meyerson (1936, p. 206) claimed that reason ‘does not know 
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itself, because of the simple fact that it cannot observe itself All one could 
know of its proper functioning, can only be concluded through the analysis of 
its products.’ 

From this perspective a different idea of philosophy was developed. 
Philosophy should not impose its categories on scientific practices but 
must respect their historical fluidity. One of the clearest examples of this is 
Jean-Toussaint Desantis (1914-2002) La philosophic silencieuse (Desanti 
1975) in which the author criticised several forms of PS. Predating 
Schickore’s diagnosis by almost forty years, Desanti dismissed a PS that 
would reduce scientific theories to mere illustrations of philosophical 
questions. According to Desanti, such a PS translates scientific practices 
into philosophical questions that, allegedly, only philosophers would be 
able to ask and answer. Desanti sketches a whole history of such philoso¬ 
phical reductions of science, or what he calls an ‘interiorisation’ of science 
by philosophy, be it an interiorisation in the Eidos (Plato), the human 
understanding (Descartes, Spinoza), the subject (Kant), the concept 
(Hegel) or consciousness (Husserl). They all ignore what Desanti called 
une philosophie silencieuse (a silent philosophy), the autonomous philoso¬ 
phical productivity of scientific practices themselves: ‘Within the philoso¬ 
phical field organized in such a way, the sciences end up (in the eyes of the 
philosophers, to be clear) having no existence but the one attributed to 
them by the questions posed by the philosophers’. 9 According to the tra¬ 
ditional view, scientists know nothing about their own practices and need 
PS to articulate their truth. For Desanti, however, such a perspective 
ignores that scientists themselves have the capability of producing philo¬ 
sophically interesting categories and distinctions. 

One of the central principles of French epistemology is thus, what I will 
call the primacy of science over philosophy: the idea that philosophy should 
not impose its categories on the history of science but should follow its open 
and productive movement. In this sense, French epistemologists mobilise HS 
to problematise the idea of a fixed set of philosophical categories to grasp the 
nature of science. 


6.1.2 The question of normativity 

This idea of the primacy of science over philosophy, however, often comes 
into conflict with another constant in French epistemology, namely the ques¬ 
tion of normativity. Comte and Meyerson both recognised, for example, the 
shifting history of the mind, while stressing that, although the products of 
science are diverse, there is nonetheless an all-encompassing principle at 
work. For Comte this principle was the law of the three stages, for Meyerson 
the principle of identity: in both cases, the plurality of the world must be 
united in one law. 10 Thus, although they criticised traditional PS for imposing 
its own norms on the history of science, at the same time both introduced a 
normative criterion by which they judged history. 
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Other French epistemologists remained more loyal to the primacy of sci¬ 
ence, by stressing the openness of the history of science. Brunschvicg, for 
instance, dismissed introspective epistemology not merely because of episte¬ 
mological doubts, but also for ontological reasons. Reason is, according to 
him, ontologically defined as a dynamic process, and therefore always shifting 
throughout its history. It is for this reason that Brunschvicg, although deeply 
inspired by Kant, strongly criticised his predecessor’s fixed framework of 
categories. For Brunschvicg (1922, p. 550), ‘we are more faithful than Kant to 
the spirit of critical idealism if we reject the table of univocal categories in 
order to follow the dynamism and plasticity of intellectual functions’. 

To understand such an ontological claim, another important characteristic of 
French epistemology has to be taken into account besides the institutional set¬ 
ting and Comte’s legacy mentioned in the introduction: namely, the intellectual 
context that existed at the beginning of the twentieth century. French episte¬ 
mologists working at that time were confronted with foundational crises in 
mathematics and physics. 11 It is not necessary to discuss the origins or devel¬ 
opment of these crises here, since what is important is solely how philosophers 
understood them to be undermining the traditional foundations for rationality. 
How can we still be sure that our beliefs are rational if there can be historical 
breaks in our understanding, such as the discovery of non-Euclidean geometry 
or the theory of relativity? 

One could interpret projects like Logicism or Husserlian phenomenology 
as attempts to recreate a new firm foundation for rationality. Some French 
epistemologists, however, took a different approach. Rather than trying to 
find a firm foundation for all scientific revolutions, authors such as 
Brunschvicg claimed that rationality resided within the revolutionary act 
itself. Historicity is not seen as a problem for rationality, but precisely as 
its ground: science is rational not despite, but because of its historical 
shifts. The same tension led Andre Lalande (1867-1963), another French 
epistemologist, to the distinction between ‘a constituted reason and a con- 
stitutive reason. ~ Behind the superficial discontinuities of constituted 
fields of reason lies a constant normative constitutive reason. Moreover, 
the discontinuities are precisely the proof of the continuous rational action 
of this constitutive reason. 

Brunschvicg and Lalande thus mobilised the primacy of science in a novel 

way, namely by invoking it against the normative principles of other French 

epistemologists, such as Comte or Meyerson. The history of science is not 

guided by an atemporal goal, but rather, is subjected to an ‘indefinite pro- 
1 ^ 

gress’. ~ This tension between the primacy of science and normativity is at the 
core of many debates within French epistemology. This is especially clear in 
the work of Brunschvicg’s student, Gaston Bachelard (1884-1962). In the 
next section Bachelard’s ‘surrationalism’ will be explored in more detail. 
Firstly, because Bachelard is one of the most influential authors within 
French epistemology; secondly, because it is his work that authors like Serres 
and Latour later criticised. 
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6.2 The philosophy of Gaston Bachelard 


6.2.1 Bachelard 'Is surrationalism 

In Bachelard’s oeuvre, the principle of the primacy of science over philosophy 
is present under the banner of his ‘open rationalism’, or what he terms sur- 
rationalism , 14 For Bachelard, rationalism cannot boil down to a series of all- 
encompassing fixed categories which determine how we think and act. He 
contrasted this ‘closed rationalism' with his own ‘open rationalism’, which 
stressed that the act of rationality consisted in overcoming predetermined 
categories of thought by creating new ones. Bachelard wanted ‘to place reason 
inside the crisis, to prove that the function of reason is to provoke crises'. 15 
Similarly to the subversive nature of surrealism, surrationalism aimed to 
break with the conservatism of closed rationalism and become an avant-garde 
rationalism by grasping the novel ways in which rational thinking occurs 
within contemporary sciences. For Bachelard ‘science instructs reason. 
Reason has to obey to science, a more evolved science, an evolving science.’ 16 

This openness Bachelard was looking for is, however, not located in traditional 
philosophy but instead within the sciences themselves. At the centre of his work is 
therefore a tension between philosophy and science. For him, the sciences con¬ 
tinually revise their theories, while philosophy tends to be conservative about them, 
seeing them as atemporal and universal. Like Desanti, Bachelard claimed that 
philosophers often try ‘to apply a necessarily finalist and closed philosophy to open 
scientific thought’. Such PS does not recognise that ‘science ordains philosophy 
by itself’ 18 and that ‘contemporary science is philosophical at its core’. 19 The pri¬ 
macy of science implied articulating the internal philosophical categories at work 
within scientific practices, rather than imposing those made up by philosophers. 

This idea was also at work in his famous notion of the epistemological 
rupture ‘between ordinary knowledge and scientific knowledge’. - This rup¬ 
ture implies a break with ordinary imagination, but also with spontaneous 
philosophical theories about science. ‘The scientific mind precisely consists 
in the bracketing of the philosophy one starts with. Just as experimental 
activity, philosophy linked to scientific activity must be nuanced and, as a 
consequence, be mobile.’ - But traditional PS does not do this, so according 
to Bachelard’s famous words, ‘science does not have the philosophy it 
deserves’. - And this is precisely what Bachelard aimed to create in his own 
work, an open rationalism that respects the primacy of science over 
philosophy: 

It would therefore be interesting, we believe, to understand scientific phi¬ 
losophy on its own, to judge it without preconceived ideas, outside, more¬ 
over, the too strict obligations of traditional philosophical vocabulary. In 
fact, science creates philosophy. Philosophers must therefore adjust their 
own language in order to translate the contemporary [scientific] thinking in 
all its flexibility and mobility. 
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To really grasp what is going on in the scientific practices, Bachelard argued it 
is necessary to look at the history and development of these sciences. Thus, 
Bachelard exemplifies the extent to which, for French epistemology, an iHPS 
is the only way to understand scientific practices. Against problematic 
abstract philosophical reflection, Bachelard (1953, p. 223) proposed ‘that it is 
at the level of particular examples that the philosophy of science can give us 
general lessons’. 


6.2.2 Bachelard and the obligation to judge 

Using the example of Bachelard, I have shown what the principle of the pri¬ 
macy of science entails. This element of Bachelard’s work has not received the 
attention it deserves within secondary literature and has therefore been stres¬ 
sed here. What has, however, often been discussed is how the second principle 
is present in his work, namely the question of normativity. 

As many scholars have noted, a central element of Bachelard’s philoso¬ 
phy is his claim that it is always necessary to make normative judgements 
within HS, while taking present-day science as the normative criterion. 24 
This stance is often called ‘presentism’, though Bachelard’s version of it is 
of a specific kind. - He contrasts the work of the epistemologist to that of 
the historian. The historian searches for and accumulates facts without 
making normative judgements. This model, however, does not work for 
HS, because ‘it does not take into account that every historian of science 
is necessarily a historiographer of Truth’. The element of truth brings in 
a specific normative element that other domains of history lack. This is a 
strong claim and not widely shared in contemporary HS. A further ana¬ 
lysis of why French epistemologists such as Bachelard nevertheless made 
such a claim is therefore necessary, and can best be elaborated through 
one of Bachelard’s pupils, Georges Canguilhem (1904-1995). 

In his lecture ‘The object of the history of science’, Canguilhem articu¬ 
lated the normativity at stake by contrasting the object of science and the 
object of HS. The object of science can be considered as a ‘natural object’, 
for instance, crystallography studies crystals, and biology studies organ¬ 
isms. The object of HS, however, is a series of statements about these 
natural objects, statements made within a particular culture. In this sense, 
the objects of science and of HS are different, and are respectively that of 
a natural object, and that of a cultural object. According to Canguilhem 
this leads to at least five further differences between their objects. First of 
all, the 

object of historical discourse is, in effect, the historicity of scientific dis¬ 
course, inasmuch as this historicity represents the carrying out of an 
internal law-governed project, but one which is traversed by accidents, 
retarded or deflected by obstacles, interrupted by crises, i.e. moments of 
judgements and of truth. 
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Secondly, the object of HS is something that evolves, and concerns ‘an object 
to which incompleteness is essential’. 28 HS cannot be the natural history of a 
given object with a fixed identity, but raises the question of the identity of the 
object within history. 

Thirdly, it follows that ‘the object of the historian of science can only be 
delimited by a decision which assigns it its interest and importance’. 29 The 
historian is therefore in need of a norm to determine what to include and 
exclude as part of the science he or she wants to examine. Fourthly, as a 
result of this delimitation, it also has a necessary connection to realms 
which are typically considered non-scientific: ideology and society that 
themselves have to be defined by the enquiry. The object of HS is therefore 
not self-contained, but must be constructed. Finally, to transgress a mere 
‘chronological register’, HS must be seen as an ‘axiological activity, the 
search for truth’. To become more than a mere list of scientific instru¬ 
ments, texts and statements, in order to grasp the normative force of scien¬ 
tific arguments, HS has to become normative itself. One has to grasp the 
specific field of concepts, theories and ideas of a certain period, which 
implies a certain normative choice. For Canguilhem, such a choice has to be 
made in light of present-day findings within the scientific discipline of which 
the examined part of history is seen as its history. 

For similar reasons Bachelard considered the history of physics and 
chemistry as implying a normative perspective, which judged historical epi¬ 
sodes in the light of the present. This did not mean that such episodes were 
seen as necessary steps with the present as their goal, but rather that the 
present always rewrote its own history from this necessity of normativity. 
For Bachelard this resulted in a distinction between ‘lapsed history’ (histoire 
perimee ) and ‘sanctioned history’ (histoire sanctionnee ). 31 He saw the former 
as the parts of science that, from a contemporary perspective, were excluded 
as non-science, while the latter referred to the preserved elements. 

Such a harsh distinction must moreover be situated within Bachelard’s 
broader philosophy. First of all, Bachelard endorsed the goal of French 
epistemology to write a history of the mind. The aim was therefore to 
grasp the normative force of reason through its history, not the historical 
details. Secondly, for Bachelard there was a clear pedagogical task present 

'J A 

in his philosophy. ~ Describing the struggle of past science with certain 
epistemological obstacles, such as ordinary experience or naive philoso¬ 
phical theories, allowed present students of science to be wary of possible 
missteps and confusions. HS, for Bachelard, was thus about the formation 
of the scientific mind. So-called Whiggish history of science fails in this 
objective, since it tends to either present contemporary theories as self- 
evident - and thus forgets the danger of certain epistemological obstacles 
that prevent many from fully understanding these theories - or reproduces 
certain naive images - such as seeing atoms as solar systems - and thus 
slowing down the dynamics of the scientific mind, rather than freeing it 
from these images. 
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6.3 From epistemological to political normativity 

6.3.1 A new generation of Francophone philosophers of science 

In the previous sections, I showed how French epistemologists conceived the 
relationship between PS and HS. I showed what the principle of the primacy of 
science consisted in: a principle that can be useful for developing an approach 
to iHPS that avoids the confrontational model, but promotes what Schickore 
calls a ‘hermeneutical’ approach. Their views on normativity, however, might 
not be shared by contemporary iHPS, but nevertheless offer a strong case of 
why a certain normativity within iHPS can still be warranted. 

More recent developments in Francophone PS have often been neglected in 
overviews of French epistemology, but in fact offer an even more promising 
normative project. Michel Serres, Bruno Latour and Isabelle Stengers, though in 
several ways opposed to French epistemology, share some of its fundamental 
principles, while drawing radically different normative conclusions from them. 

To relate them to French epistemology is not self-evident, since their projects 
have several fundamental differences, and they are often explicitly in opposition 
to French epistemology. Serres, for instance, states: 

Yes, I wrote my thesis under Bachelard, but I thought privately that the 
‘new scientific spirit’ coming into fashion at that time lagged way behind 
the sciences. ... The model it offered of the sciences could not, for me, 
pass as contemporary. This new spirit seemed to me quite old. And so, 
this milieu was not mine. 34 

But, in this passage Serres is criticising Bachelard for specific reasons. Serres 
is not claiming that there have been no relevant shifts within the history of 
science, nor that such shifts would be unworthy of philosophical attention. 
Rather, he claims that Bachelard is lagging behind the newest developments, 
since in mathematics for instance, ‘instead of speaking of algebra, topology, 
and set theory, [Bachelard] referred to non-Euclidean geometries, not all that 
new’. Serres accused Bachelard of not being loyal enough to the principle of 
the primacy of science by missing out on the most recent scientific develop¬ 
ments. According to Serres, therefore, Bachelardian epistemology was still not 
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open enough/ 1 

For Serres, these new scientific developments also resulted in a greater 
reflexivity within the sciences about their own philosophical categories. The 
consequence of such an increased reflexivity was a new tension within the 
self-identity of the epistemologist. If the sciences became capable of articu¬ 
lating their own philosophical categories, then the traditional French episte¬ 
mological project was reduced to a mere repetition of what scientists did 
themselves. In what sense, then, did the ‘philosopher’s work differ from that of 
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a journalistic chronicler, who announces and comments on the news?’ 
Either the epistemologists merely repeated the sciences, or their projects 
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aimed to do something more, but this extra element would involve a form of 
philosophical speculation, going beyond what the sciences said. Such spec¬ 
ulation thus implied a tension within the principle of the primacy of science. 

Moreover, Serres claimed that Bachelard had always done more than mere 
description. There had always been a speculative-normative project at work, 
namely the above described presentism, looking for epistemological obstacles 
and epistemological ruptures. For someone like Serres, the project of French 
epistemology was a crypto-normative project, starting from a philosophical 
model of purification: true science purified itself from all the obstacles, from 
imagination, from myth. Against this Serres stated that ‘there is no purer 
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myth than the idea of a science purified from all myth’. ' 

This criticism was even clearer in the work of Serres’ pupil, Bruno Latour. 
In Laboratory Life, Latour criticised Bachelard’s epistemological project, 
especially the claim that science was rational in so far it succeeded in 
breaking with ordinary experience and imagination. 39 Latour observed no 
such break in his fieldwork in scientific laboratories. For him, notions such 
as irrationality were never genuine descriptions of science, but rather accu¬ 
sations that aimed to discredit an opponent. 40 A genuine understanding of 
science should not start from such unquestioned distinctions as rational 
versus irrational. 

Latour’s criticism was partly inspired by the Strong Programme of the 
Sociology of Scientific Knowledge (SSK). 41 But it is equally important to 
note that Latour went further than these sociologists. This led to a different 
appreciation of what to do with such distinctions as rational/irrational or 
true/false. Rather than ignoring or bracketing them, as SSK does, 

our contention is not just that sociological explanation should be impartial 
with respect to truth and falsity, and that both sides of the dichotomy 
require explanation. Our argument is that the implicit (or explicit) adaption 
of a truth value alters the form of explanatory account which is produced. 

For Latour, although such distinctions could not be used as explanations, 
they were nevertheless real by virtue of their effects in the scientific field. Since 
such distinctions were found within scientific practices, often at moments of 
controversy, they should be taken into account as well. Latour thus invoked 
the principle of the primacy of science by arguing that, since these distinctions 
were used within scientific practices, we should therefore track how scientists 
used them and not just dismiss them as ideology. 

Moreover, Latour’s work can be seen as a further development of this princi¬ 
ple, by stressing the necessity to follow all forms of associations and connections 
one finds in the scientific practices. Latour, for instance, stated that 

Instead of defining a priori the distance between the nucleus of scientific 
content and its context, an assumption that would render incomprehen¬ 
sible the numerous short-circuits between ministers and neutrons, science 
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studies follows leads, nodes, and pathways no matter how crooked and 
unpredictable they may look to traditional philosophers of science. 43 

The scientific actors should decide which distinctions are relevant and which 
are not, even if it leads us ‘outside’ of science, and philosophers 

should be as undecided as the various actors we follow as to what tech¬ 
noscience is made of; to do so, every time an inside/outside division is 
built, we should follow the two sides simultaneously, making up a list, no 
matter how long and heterogeneous, of all those who do the work. 44 

This is Latour’s famous dictum to ‘follow the actors’, which can be interpreted 
in the light of the primacy of science over philosophy. A similar rule can be 
found in the work of Isabelle Stengers, who wants to give a description of the 
scientific practices that ‘does not insult the scientists’. 45 


6.3.2 Judging the obligations of the scientists 

Serres, Latour and Stengers were quite close to the earlier generation as far as 
the principle of the primacy of science is concerned, but they did not follow 
Bachelard’s normative project. In fact, similarly to authors such as Brunsch- 
vicg before them, they played out the principle of the primacy of science 
against the normative project of their predecessor. Precisely Bachelard's ideas 
about how scientific rationality always excludes imagination, and how such a 
distinction should be mirrored in HS as lapsed versus sanctioned history, 
prevented him from truly endorsing the primacy of science. According to this 
new generation, in order to follow the sciences, the whole way through, the 
philosopher should not be the judge over what is and is not part of science. 

Does this mean that philosophers should give up any ambition to make 
normative judgements about scientific practices? Although it might seem so, I 
would argue that this is not the main message. The conclusion I wish to draw 
from these recent criticisms is that the problem is not the fact that Bachelard 
judges, but the manner in which he judges. What was at stake for this new 
generation was not the normativity of Bachelard’s project per se, but its 
implicit endorsement of a certain political project: one that made a distinction 
between science, which knows and as such is epistemologically superior to 
non-science, which does not. 46 This implied a problematic reaffirmation of 
the political power of the sciences over the rest of society. One should make 
an analytical distinction between the epistemological project of French 
epistemology that endorses the primacy of science and their political project 
of granting science hierarchical autonomy from other practices. What 
authors such as Serres, Latour or Stengers had in mind was a different 
political project: one that respected the primacy of science - follow the 
actors, do not insult the scientists - but at the same time conceptualised a 
new politics of science. 47 
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It is this project that can provide another useful tool for contemporary 
iHPS, as illustrated by the work of Stengers. Similar to Latour and Serres, she 
agrees that there is no essential distinction between science and non-science; 
she nevertheless argues that such a distinction is constructed by the actors in 
the held. This distinction relies, for her, on two elements, namely a range of 
requirements and a range of obligations , 48 For Stengers the essential element 
to be respected is the obligations, while the requirements can be the object of 
a normative judgement. A different politics of science is therefore possible, 
namely by replacing the requirements, while respecting their obligations, and 
thus the primacy of science. 

In short, a requirement refers to the fact that some distinctions are deemed 
necessary in order for a practice to work. Think for instance of the distinction 
between science and non-science, or science seen as autonomous from exter¬ 
nal socio-economic history. In the current scientific practices these distinctions 
are claimed as requirements, for, otherwise, scientists would allegedly lose 
themselves in discussions with their financial sources, who would impose their 
own goals, or with the general public, who might want to have a say in the 
development of science and its innovations. Many contemporary scientists 
argue that, in order to function, scientific practices require these distinctions 
to be maintained, even if they are constructed. 

However, these requirements are not enough on their own. Scientific prac¬ 
tices are also shaped by their specific obligations. This is related to the idea 
that scientists do not get involved in scientific controversies because they 
choose to. Rather they feel obligated to by the phenomena or the problem 
itself. What scientists find interesting and worth pursuing is not something 
they freely decide themselves, but rather is partly caused by the phenomena 
that spark their interest. Scientists thus feel a certain obligation being 
imposed from the outside, from the phenomena they try to take into account. 
Scientists are then not speaking in their own name, but in the name of these 
phenomena. An obligation thus refers to the fact that there is a relation that 
makes a difference: things with or without taking the phenomena into 
account are not the same. 

For Stengers, such obligations are at work in all types of practices and can 
be of many sorts. For instance, within religious practices an obligation can 
consist in Virgin Mary who obliges believers to take Her into account by, for 
example, asking them to go on a pilgrimage. 49 Stengers stresses that her 
“■project does not thereby seek to ground a privilege for the sciences, which 
alone would escape sociological analysis. The same type of questions should 
be posed with regard to other practices.’ 50 In the case of the experimental 
practices, scientists are obligated to speak with their phenomena in mind. In 
the same way a pilgrimage is experienced as being imposed from outside the 
believer, scientists feel obligated to make sure everything necessary is done in 
order for their phenomena to be properly accounted for in scientific discus¬ 
sions. It is this obligation towards the phenomena that is at the core of the 
scientific practice. 
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Scientists, therefore, have certain obligations and act as they do in light of 
them. But although these obligations are experienced by scientists, their 
nature remains opaque. The success of answering to these obligations, allow¬ 
ing a certain scientific practice to function, depends on what Stengers calls an 
‘event’. An event refers to the situation in which a scientific practice has 
found a way to properly articulate its phenomena. But again, the nature of 
this success remains opaque and does not grant the participants to this event 
a privileged explanation of why this approach is successful. The crucial point 
is that one can make a separation here between two elements, namely one can 
aim ‘no longer to deny the differences scientists claim for themselves, but to 
avoid any way of describing them which implies that scientists have a privi¬ 
leged knowledge of what this difference that singularizes them signifies’. 51 

According to Stengers, both philosophers and sociologists of science falsely 
assume that if such an event has occurred, it must be transparent to its partici¬ 
pants. Not only philosophers who try to define general criteria of rationality, but 
also sociologists who deny that such criteria exist, make the mistake of assuming 
that if such criteria cannot be properly articulated by the scientists doing the 
research that no such event has occurred. ‘According to the viewpoint I am 
defending, the scope of [such] demonstration is zero, for it assumes that the 
foundational event can give an account of itself'.* " Scientists know they have 
obligations, but this does not mean that what these are is fully transparent to the 
scientists. As Stengers writes, ‘[j]ust as the event, in itself, does not have the power 
to dictate how it will be narrated or the consequences that will be authorized on 
its behalf, neither does it have the power to select among its narrators’. The 
consequence of this is that there is no guarantee that the specific ‘requirements’ 
scientists demand to safeguard the success of the event are necessary. Require¬ 
ments can thus be disputed without disputing that obligations exist. 

This opens up the possibility to come up with other requirements, for 
instance a range of requirements free from a strong distinction between science 
and non-science or open to contributions from citizens to scientific research 
without immediately compromising its scientificity. What Stengers therefore 
proposes is a project in winch specific scientific disciplines can be politically 
judged, without dismissing the primacy of science. ‘This is why my position 
clearly does not amount to defending the sciences , but to defending their sin¬ 
gularity in order to utilize it to invent the means of a critical position that 
complicates their history.’ 54 According to Stengers, social constructionist HS, 
such as SSK, went too far by confusing requirements with obligations and 
dismissing them both. Scientists are correct in protesting against such historians 
who disrespect their obligations, but that does not entail that their proposed 
requirements are indisputable. Rather, these are always open for debate. 

Conclusion: new tools for iHPS 

This chapter shows that within the tradition of French epistemology and its crit¬ 
ics, a very specific integration between science and philosophy is conceptualised, a 
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relationship wherein any form of primacy of philosophical speculation over sci¬ 
entific practices is fiercely disputed. Rather, the idea is that scientific practices 
produce their own philosophical categories and thus a primacy of science over 
philosophy. The task of French epistemologists has been, therefore, to start from 
these elements, instead of dictating what is philosophically relevant to science. At 
the same time, it was made clear that a constant struggle in French epistemology 
remains present, where this primacy of science conflicts with the normative 
ambitions of French epistemologists. 

This conflict was mainly shown through the work of Bachelard, creating a ten¬ 
sion between Ins surrationalism and his obligation to judge the history of science. 
This is precisely the object of the critique of contemporary authors such as Serres, 
Latour and Stengers. However, their criticisms are not a dismissal of French epis¬ 
temology, but can be understood as a particular radicalisation of this primacy of 
science over philosophy. Bachelard and others were not wrong in their objectives, 
but failed to follow them the whole way through - there were still traces of philo¬ 
sophical a prioris in their work, resulting in the endorsements of certain political 
projects related to the social status of science. In that sense, the first conclusion is 
that to speak of a radical break between these two traditions is false. Rather one 
must speak of a radicalisation or a revision of the ‘primacy of science’. 

This chapter, however, aimed for more than a historical overview of recent 
developments within Francophone philosophy of science. It precisely aimed to 
highlight possible productive tools for contemporary discussions of how PS and 
HS should be integrated. First, the principle of the primacy of science embodies 
the ‘hermeneutical’ perspective called for by contemporary authors such as 
Schickore. This essential principle of French epistemology can thus offer gui¬ 
dance of how such a hermeneutically-inspired iHPS should be pursued. 

Secondly, tins chapter addressed the question of normativity, central to many 
discussions in iHPS. How can a descriptive HS and a normative PS be com¬ 
bined? Rather than giving up any normative ambitions, French epistemology 
indicates several avenues through which normative elements still play a role. Not 
only is the ‘obligation to judge’ the past from the present, embodied in the work 
of Bachelard and Canguilhem, worth discussing, but the particular project of 
‘judging obligations’, found in the work of Stengers, offers a similarly promising 
avenue for a normative iHPS. 

From this perspective, there is room in iHPS for normative judgements about 
scientific practices. Not only in the activity of conceptually separating the obliga¬ 
tions from their requirements, but even in a critical evaluation of the history of 
these obligations. Either iHPS can have the task of showing how certain obliga¬ 
tions are under threat by developments within society, such as the rise of the 
contemporary knowledge economy and its focus on applications and economic 
gain. Or, iHPS can focus on contemporary shifts within the sciences, where certain 
obligations are being forgotten, badly articulated, or where different requirements 
for them can be conceived. But a constant in Francophone philosophy of science 
is the claim that scientists are at least seen as potential allies in this reform and 
that philosophy must be open enough to learn from them. 
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Notes 

1 See respectively Cristina Chimisso (2008) and Hans-Jorg Rheinberger (2010). 

2 This is especially clear once contrasted with Thomas Kuhn. Kuhn was heavily cri¬ 
ticised by French epistemologists for what they saw as his lack of attention to the 
normative element at work within the history of science. See Massimiliano Simons 
(2017a), pp. 41-50. 

3 Ronald Giere (1973), p. 290. 

4 Cristina Chimisso (2008); Anastasio Brenner (2015). 

5 Cristina Chimisso (2008). 

6 Leon Brunschvicg (1922), p. xiii (own translation). 

7 Ibid., p. 570. 

8 Emile Meyerson (1936), p. 118 (own translation). 

9 Jean-Toussaint Desanti (1975), p. 68 (own translation). 

10 Comte claimed that all sciences followed a historical three-stage pattern, starting from 
a theological stage (explanation by divine causes), subsequently going through a 
metaphysical stage (explanation by abstract philosophical categories), to end up in the 
positive stage (explanation by laws instead of causes). Meyerson disagreed and argued 
that the search for causality is central to the human mind, in the sense that scientists 
always look for an identity relation between antecedents and consequents, expressed 
in a formal equation. Meyerson explained shifts in the history of science as different 
attempts and approaches to find such an identity relation. 

11 See Enrico Castelli Gattinara (1998). 

12 Andre Lalande (1963), p. 17 (own translation). 

13 Leon Brunschvicg (1922), p. 595. 

14 See Gaston Bachelard (1940). 

15 Gaston Bachelard (1972), p. 27 (own translation). 

16 Gaston Bachelard (1940), p. 144 (own translation). 

17 Ibid., p. 2. 

18 Ibid., p. 22. 

19 Gaston Bachelard (1953), p. 180 (own translation). 

20 Ibid., p. 207. 

21 Gaston Bachelard (1951), p. 17 (own translation). 

22 Gaston Bachelard (1953), p. 20. 

23 Gaston Bachelard (1934), p. 3 (own translation). 

24 For instance Cristina Chimisso (2001). 

25 Laurent Loison (2016). 

26 Bachelard (1953), p. 86. 

27 For methodological differences between the two, see Cristina Chimisso (2015). 

28 Georges Canguilhem, (2005), p. 203. 

29 Ibid., p. 203. 

30 Ibid., p. 204. 

31 Gaston Bachelard (1951), ‘Chapitre F. 

32 Cristina Chimisso (2001). 

33 First of all they are critical of the notion of ‘rationality’. Secondly, they start from 
a fundamental different ontology. See Massimiliano Simons (2017b). 

34 Michel Serres and Bruno Latour (1995), p. 11. 

35 Ibid. 

36 Especially the early work of Serres aims to update Bachelard’s work. See Massi- 
miliano Simons, (2018, forthcoming). 

37 Serres and Latour (1995), p. 15. 

38 Michel Serres (1974), p. 259 (own translation). 

39 Bruno Latour and Steve Woolgar (1986), pp. 151-153. 

40 Bruno Latour (1987), p. 185. 
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41 This programme, associated with the so-called Edinburgh School, aimed to apply a 
sociological analysis to scientific knowledge. See David Bloor (1976). 

42 Latour and Woolgar (1986), p. 149nl. 

43 Bruno Latour (1999), p. 99. 

44 Latour (1987), p. 176. 

45 Isabelle Stengers (2006). 

46 Isabelle Stengers (2000), p. 26. 

47 Massimiliano Simons (2017b). 

48 Isabelle Stengers (2010), p. 52. 

49 Isabelle Stengers (2006). 

50 Isabelle Stengers (2000), p. 58. 

51 ibid., p. 67. 

52 ibid., p. 68. 

53 ibid., p. 68. 

54 Isabelle Stengers (1997), p. 143. 
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7 Experimentalist as spectator: The 
phenomenology of early modern 
experimentalism 

Mark Thomas Young 


Introduction 

This chapter focuses on the theme of practical knowledge in order to contribute 
to the growing body of literature that explores the relationship between craft 
traditions and the emergence of experimental science. As will be shown, 
attending to the role ascribed to practical contexts and goals in the production 
of experimental knowledge reveals important differences between the practices 
of experimentalists and artisans that encourage us to reconsider the extent to 
which craft traditions can be understood to have influenced the development of 
experimental methods in early modern science. Besides adding an important 
dimension to the question concerning the relationship between craft and 
experimental natural philosophy, the focus on practical knowledge will also be 
shown to yield insights into another, equally difficult object for historical ana¬ 
lysis: the nature of experience in experimental demonstrations. In order to 
explore this relationship between practical knowledge and experience, this 
chapter will integrate elements in the History of Science with a Philosophy of 
Science that is informed by the existential phenomenology of Martin Hei¬ 
degger. As we will see, Heidegger's early work highlighted the role that prac¬ 
tical contexts play in determining how phenomena are experienced, and for this 
reason, represents a valuable supplement to existing accounts of experience in 
early modern science. 1 In this way, the integrated approach this chapter adopts 
will highlight aspects of experimental practice that are often overlooked by 
conventional historical scholarship. It is a central claim of this chapter then 
that it is the failure to explore the phenomenological context of experimental 
practices that has helped lead scholars towards overstating the continuities 
between craft practices and experimentalism. 

My argument will proceed in three parts: the first section will briefly out¬ 
line the historiography of the conventional division between craft based and 
theoretical knowledge. The second section explores the central role accorded 
to practice in the epistemology of early modern craftwork. The third section 
of the chapter will utilise a phenomenological perspective to show how 
experimentalists’ attempts to distance themselves from practical contexts led 
to the development of epistemological practices that were based around 
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forms of experience fundamentally different from those central to craft tra¬ 
ditions. Whereas practice and practical goals formed a constitutive aspect of 
the epistemology of craft, early experimentalists were instead committed to 
the idea that natural knowledge is best acquired outside of practical con¬ 
texts, a presupposition which will be shown to have structured both their 
own investigations into nature and their claims to be able to improve exist¬ 
ing artisanal practices. 

7.1 Historiographical issues surrounding the divide between craft based 
and theoretical knowledge 

Since antiquity, it has been common to distinguish the knowledge employed by 
the artisan (tec/me) from the theoretical knowledge of the scholar ( scientia ). In 
classical Greece, this distinction took two main forms: the first is reflected in 
Aristotle’s hierarchy of knowledge, which underscored the epistemological 
benefits of theory over productive forms of knowledge; the second distinction 
occurred within the arts themselves and concerned the ends towards which they 
were employed. For Aristotle, an art was ‘banausic’ or vulgar: 

If it renders the body or soul or mind of free men useless for the 
employments and actions of virtue. Hence we entitle vulgar all such arts 
as deteriorate the condition of the body, and also the industries that earn 
wages; for they make the mind preoccupied and degraded/ 

These distinctions persisted throughout the early middle ages, where operative 
and theoretical forms of knowledge and practice were often kept separate from 
one another. 4 For while it was not uncommon to find positive descriptions of 
craftwork in medieval classifications of knowledge, universities still excluded 
technical practice from their curriculums while intellectuals continued to regard 
the practical and manual aspects of artisanal practice with suspicion. 

Beginning in the late middle ages however, university educated scholars 
began to show an increased interest in craftwork. The spread of humanist cul¬ 
ture during the Renaissance, for example, often encouraged the celebration of 
practical knowledge and the skilful achievements of the craftsman. 5 Embol¬ 
dened by the increased scholarly interest in their work, craftsmen began 
authoring technical treatises that represented their work in both written and 
pictorial forms. Furthermore, changes to the economic and political climate in 
Europe throughout this period created new contexts in which technical skills 
came to be seen as valuable by an increasingly wide range of actors. The skills 
required to build fortifications attracted the attention of monarchs, for example, 
while mechanical toys found receptive audiences in the courts of princes. 

This apparent rehabilitation of the social status of the craftsman has long 
been viewed as a significant factor in explaining the emergence of experi¬ 
mental science in the early modern period. During the seventeenth century a 
new group of natural philosophers began to subvert established traditions of 
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natural philosophy by arguing for the epistemological superiority of craft 
practices. Their claims that scientific and technological progress could only be 
achieved by drawing upon the knowledge and methods of craft practitioners 
have often been taken to signify the culmination of the rising status of tech¬ 
nical practitioners in early modern Europe while at the same time marking 
the origins of experimental natural philosophy. Together, these observations 
form the basis of the received view, which understands modern science to 
have emerged from a combination of aspects of craft practice and natural 
philosophy made possible by the rising status of the artisan. 6 In support of 
this view, historians have often drawn attention to various ways in which 
artisanal traditions influenced experimentalism, such as methodological 
values including ‘the use of instruments; the practices of direct observation 
and experimentation; methods of precise measurement and other forms of 
quantification; and a positive valuation of individual experience’. 

Yet while this has long represented a central element of the historiography 
of the scientific revolution, the extent and manner in which artisanal culture 
influenced the emergence of experimental science is itself the subject of 
ongoing dispute. 8 For we should not overlook the fact that early experi¬ 
mentalists also went to great lengths to establish the superiority of their 
activities over those of craftsmen. As we will see, seventeenth century experi¬ 
mental treatises often reveal a complex balance between positive valuations of 
craft and attempts to denigrate both the methods by which artisans worked 
and the knowledge which they had hitherto achieved. 

7.2 Craftwork and the primacy of practice 

The concept of craft has a tumultuous history, ebbing and flowing to encompass 
different activities in response to changes in intellectual culture and the structure 
of society. Pre-modern Europe, for example, operated with a wider conception of 
craftwork than is common today. In the late medieval period, the meaning of the 
term ‘artisan’, often extended beyond those who skilfully manufactured goods 
for sale and included those who provided both unprocessed products, such as 
fishmongers, as well as those providing services, such as innkeepers. 9 At the same 
time, craftwork was commonly understood under the rubric of the ‘mechanical 
arts’ (artes mechanicae), a term which emerged in the early Middle Ages to 
denote a variety of activities including among others, hunting, cooking, building 
and agriculture. 10 W hi le early modern intellectuals often continued to employ 
this wide definition of craft and artisanship, two changes are worth noting. 
Firstly, the increased popularity of mechanical devices and theory throughout 
the Renaissance led to a strengthening of the association between the mechanical 
arts and the original Greek meaning of mechanica as the mathematical analysis 
of moving objects. Secondly, an increasing scholarly interest in esoteric traditions 
throughout the Renaissance, alongside their eagerness to be associated with 
craft, 11 helped expand the meaning of artes mechanicae to include natural magic 
and alchemical practices. 
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Lately, this diverse set of practices has received increased attention from his¬ 
torians who, following the recent turn towards material culture in the history of 
science, examine the history of craft from a variety of different disciplinary 
orientations. The growing body of literature that has resulted from such studies 
has not only given rise to an increasingly detailed picture of craft, but also 
highlighted the possibility of making general claims about early modern craft 

knowledge by revealing the extent to which traditions of practice as diverse as 

1 

alchemy and sculpture often shared the same epistemological presuppositions. 

One of the more universal features of the epistemology of craft to be 
revealed by such studies is the emphasis on the primacy of practice in acquiring 
knowledge concerning natural materials or technical processes. The tendency to 
draw on a dichotomy between practice and theory, and then to emphasise the 
epistemological benefits of the former, is common in Renaissance technical 
treatises. For instance, the Italian goldsmith Cellini, who in detailing instruc¬ 
tions for soldering, is careful to remind the reader that: "it is practice and 

experience, together with a man’s own discretion, that are the only real ways of 

1 ^ 

teaching one how to bring about good results in this or in anything’. 

In technical treatises covering a wide variety of crafts, early modern authors 
often acknowledged the limitation of written words to convey the knowledge 
necessary for the practice of a craft. This was due not only to the inherent 
difficulties of codifying the judgment of practitioners, 14 but also to the nature 
of the work itself. In detailing procedures used for melting metals, for example, 
the sixteenth century Italian metallurgist Vannoccio Biringuccio notes that: 

it is necessary for you to understand well what you wish to do in this 
operation [for] having chosen with good judgment the way in which you 
are to proceed, you will easily arrive where you intend. But because the 
light of judgment cannot come without practice, which is the preceptress 
of the arts, I shall pass through this briefly with the idea of one day being 
able to supplement this further by demonstrating it to you. 13 

Here we see how the benefits of demonstration over general rules in the 
attempt to acquire craft knowledge were often understood to stem from the 
inherent variability in the qualities of the objects artisans worked with. This 
was a view found not only in the work of literate craftsmen, but also in the 
work of natural philosophers such as the English experimentalist Robert 
Boyle who, in detailing a technique for writing without ink, is careful to add 
that: ‘a few trials will teach better than the rules (because according to the 
goodness and calcination of the Vitriol, the proportion of the other ingre¬ 
dients must be varied)’. 16 

Variation affected both the materials with which the artisan worked and the 
wider environment within which they operated. Fluctuations in temperature and 
humidity, for example, required adjustments in a wide variety of activities, 
including bread-making, painting and casting, while changes in military tech¬ 
nology required engineers to continually modify the designs of fortresses. A 
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central element of craft skill consisted therefore in the development of intuitive 
judgment through lengthy periods of practice by which the practitioner could 
deal with the variation of materials in a particular environment. For this reason, 
technical treatises often provided more information concerning how one should 
go about developing individual judgment than useful instructions for actually 
performing certain tasks. Take Biringuccio’s account of assays, procedures aimed 
at determining the contents or quality of an ore or metal, as an example; beyond 
providing general descriptions of the equipment used for smelting and schematic 
images of laboratories, little information is given concerning how to go about 
actually performing an assay. What we find instead are suggestions for different 
methods that may help a practitioner judge the quality of an ore themselves, 
such as methods of experimentation, coupled with a repeated emphasis of the 
central role of judgment in assaying practices and the dangers associated with 
inexperience. The inadequacy of the text as an instructional manual for practice, 
is not unusual. As Stephan Epstein has observed, this was a common char¬ 
acteristic of pre-modern technical literature, the authors of which: 

seldom practised what they described and so typically overestimated the 
role played by explicit propositional knowledge in craft and engineering 
practice. Written manuals were incomplete and sometimes misleading; 
they might contain technical details not actually applied in solving the 
problem; and they left out crucial practising ‘tricks’. 18 

The limitations of early modern technical literature as guides for practice 
have led some scholars, such as Pamela H. Smith to suggest that the actual 
function of literary genres such as books of secrets and craft recipes were as 
‘mechanism[s] for asserting the validity of natural knowledge gained by 
practice’. 19 This importance to which authors of technical treatises ascribed 
practice in the early modern period highlights a number of distinctive features 
of the epistemology of craft. Below I will discuss three of the most important 
features for the purposes of this essay: first, the embodied acquisition of 
knowledge; second, the way properties of materials were conceptualised; and 
finally, the communication of craft knowledge. 

Firstly, the relation between the acquisition of natural knowledge and the 
body of the practitioner. In many crafts, the development of manual dexterity 
alongside an ability to use one’s fingers, ears, eyes or nose to discern subtle 
differences in materials was the result of the experience gained in performing 
operations upon natural or artificial materials. In the epistemology of craft 
then, the body is central not only in the act of acquiring knowledge, but also 
stands as a repository for the knowledge gained; for experience comes to be 
stored in the body as it is configured through the repetitive performance of 
certain tasks. 

Secondly, the way the properties of materials were often indexed to the 
goals of practitioners. Technical treatises reflect how a large part of learning a 
craft involved developing the ability to recognise properties of natural 
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materials that are most useful for particular tasks. In the Pirotechnica , Bir- 

inguccio spends ample time detailing the properties of charcoal; woods with 

an earthy property, for example, yield strong charcoal which is suitable for 

‘operations that need long, live and powerful fires’. - Furthermore, it was not 

only naturally occurring properties that were conceived in relation to the 

productive activity of the artisan, but also properties that practitioners would 

cultivate themselves. Cellini, for example, details a method for increasing the 

‘fattiness’ of clay to be used in casting, and notes that ‘this particular kind of 

fattiness in no wise hinders the accepting of the metal, indeed it accepts it 

^ 1 

infinitely better, and the clay holds a hundred times more firmly’. 

Finally, the primacy of practice highlights the particular modes by which 
craft knowledge was transmitted. As is well known, craft practices were 
learned primarily through face to face interactions in a variety of settings, 

A A 

including the family household, - and worksites where practitioners could be 
exposed to alternative methods of practice. Fhe importance of these modes of 
transmission is reflected in the central role played by apprenticeships in the 
training of artisans in a wide variety of fields. While considerable variation 
existed in the education provided by premodern apprenticeships among, and 
even within occupations, 23 certain structural features appear to have remained 
standard. Among the most important for our purposes here is that the process 
of learning a craft was nearly always integrated with productive activity. 24 All 
stages of an apprenticeship involved contributing in some way to the services 
provided by the master; apprentices would typically begin with menial tasks 
such as cleaning before gradually progressing to more complicated and 
demanding forms of productive activity. As formal instruction was minimal, 
mastering each stage depended on the apprentice themselves acquiring 
experience through trial and error. As Bert De Munck and Hugo Soly note: 

In nearly all branches of industry, apprentices needed to learn how the 
raw materials would react to the mechanical and chemical production 
processes, in a context of variable surrounding conditions, such as 
temperature, level of humidity, quality of the materials used, and other 
elements that were often impossible to measure accurately. The only 
way to understand these processes was to do the work and to keep 
evaluating the reactions. Didactic skills were of secondary importance: 
masters were merely expected to point out what had gone wrong and 
what might be improved, while apprentices, in turn, had only to 
acquire sufficient practical experience. 25 

Developing this kind of expertise required great lengths of time; in England, 
for example, a minimum apprenticeship period of seven years was dictated by 
the Statute of Artificers (1563). 

As we will see, the lengths of time deemed necessary for the development of 
these skills were viewed as one of the major shortcomings of artisanal edu¬ 
cation by early modern natural philosophers. 
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7.3 Heidegger and the epistemology of early experimentalism 

Our exploration of the central role of practice in apprenticeships provides us 
here with a natural opportunity to turn to the work of philosopher Martin 
Heidegger, who posited a fundamental relation between practical contexts 
and experience. One of the central goals of Heidegger’s early work was to 
challenge the epistemological priority that western culture has long attributed 
to disinterested contemplation. To do so, Heidegger distinguishes two differ¬ 
ent ways in which we can experience the world around us. 

The first is a form of understanding that Heidegger called zuhandenheit 
(ready-to-hand), which results from manipulating things in the midst of 
practical projects. Here Heidegger notes how when we perform various tasks, 
the things we use appear for us both in light of the goals that they can help us 
achieve, and the wider context of objects and practices which are required for 
their successful employment. 26 It is because things appear to us in this way 
when they are being used, as equipment (das Zeug), that they have a tendency 
to recede from our attention. In using a hammer, to draw on Heidegger’s own 
example, our attention is focused not upon the entity in our hand but rather 
on the task of erecting the frame of the house by driving nails into timber. 
Rather than appearing as a self-sufficient entity in its own right then, the 
hammer is experienced as part of a wider backdrop of equipment that also 
includes nails and timber. Furthermore, the same applies for the subject doing 
the experiencing; when using equipment, we are often absorbed into the task 
we perform and therefore do not experience ourselves as distinct subjects 
interacting with an external world. Instead, this way of interacting with the 
world is experienced as a form of ‘absorbed coping’ in which our subjectivity 
becomes interwoven with the activity performed. 

The second mode of experience, vorhcmdenheit (present-at-hand), arises 
when things in the world are experienced outside of practical contexts. In this 
mode of experience, entities do not withdraw into the background but instead 
appear for us as discrete objects that possess a certain set of properties. 
According to Heidegger, this mode of experience characterises the stance 
adopted by the scientist who deliberately adopts a theoretical attitude which 
attempts to comprehend entities in isolation from the ordinary contexts of 
practice in which they usually appear. This scientific stance reveals entities as 
vorhanden, that is to say, as objects with definite properties that are available 
for analysis by a distinct subject. For example, the hammer appears to us in 
this mode of understanding as possessing: 

the ‘property’ of heaviness: it exerts a pressure on what lies beneath it, 
and it falls if this is removed. When this kind of talk is so understood, it 
is no longer spoken within the horizon of waiting and retaining an 
equipmental totality and its involvement-relationships. What is said has 
been drawn from looking at what is suitable for an entity, with ‘mass’. We 
have now sighted something that is suitable for the hammer, not as a tool. 
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but as a corporeal Thing subject to the law of gravity. To talk circum- 
spectively of ‘too heavy’ or ‘too light’ no longer has any ‘meaning’; that is 
to say, the entity in itself, as we now encounter it, gives us nothing with 
relation to which it could be ‘found’ too heavy or too light. - 

Heidegger was careful to note that scientific knowledge also emerges from the 
active manipulation of things in the world, suggesting in particular that not 
only practices of experimentation, but also observation, emerge through 
praxis. Adopting the theoretical stance for Heidegger, therefore involves 
subtracting away particular ways in which entities are revealed to active and 
interested agents, and can therefore be understood to represent a derivative 
mode of engaging with the world: 

we overlook not only the tool-character of the entity we encounter, but also 
something that belongs to any ready-to-hand equipment: its place. Its place 
becomes a matter of indifference. This does not mean that what is present - 
at-hand loses its location altogether. But its place becomes a spatio-temporal 
position, a ‘world-point’, which is in no way distinguished from any other. 29 

The remainder of this section will explore the extent to which Heidegger’s 
conception of a theoretical attitude corresponds to the stance early modern 
experimentalists maintained towards the natural world. Doing so will high¬ 
light important differences between the forms of experience privileged by craft 
traditions and experimentalism that have often been overlooked by traditional 
scholarship. 

At a glance, the received view that the emergence of experimentalism involved 
the legitimation of craft practices appears to find widespread support in the lit¬ 
erature of early modern experimental philosophy, where it is common to find 
claims of the epistemological superiority of the ‘man of experience’ over the 
‘man of learning'. However, it is also often overlooked how the project of 
undermining the authority of scholastic natural philosophy by highlighting the 
superiority of craft practice, itself created a host of new problems for experi¬ 
mental philosophers. For, as Pamela H. Smith notes, ‘because natural philoso¬ 
phers resembled artisans in their interests, they were often anxious about making 

^ A 

clear the differences in their social and intellectual status’/ Fellows of the Royal 
Society often went to great lengths to preserve such differences; despite the 
Society’s emphasis on the benefits of practical experience for example, only a few 
tradesmen managed to overcome the opposition from existing fellows to become 

O 1 

members in the latter stages of the seventeenth century. Furthermore, while 
many fellows of the society followed Bacon in praising the achievements of craft 
over that of the philosophy of the schools, few if any considered the state of 
contemporary trades to be adequate. To the contrary, it was common to char¬ 
acterise the mechanical arts as a field of technical knowledge that remained far 
from realising its full potential. Royal Society fellow William Petty, for example, 
described the current state of technological knowledge as: 
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like a field where a battle hath beene lately fought, where we may see many 
leggs, and armes, and eyes lying here and there, which for want of a union 
and a soule to quicken and enliven them, are good for nothing but to feed 
Ravens; and infect the aire. So we see many Wittes and Ingenuities lying 
scattered up and downe the world, whereof some are now labouring to doe 
what is already done, and pushing themselves to reinvent what is already 
invented, others we see quite stuck fast in difficulties, for want of a few 
Directions. 32 

What was lacking, according to Petty, was the guidance of experimental 
philosophy: a new approach to the study of nature upon which a compre¬ 
hensive reform of natural and technological knowledge was to be based. In 
order to establish the superiority of experimental philosophy over existing 
practices in the mechanical arts, experimental philosophers drew upon tra¬ 
ditional epistemological notions which had long been used to reinforce 
social barriers between manual workers and intellectuals. Chief among these 
is the classical notion of a banausic art, according to which a connection to 
practical contexts secures the social, spiritual, or epistemological inferiority 
of a form of knowledge. This idea informed early experimental philosophy 
in a variety of ways. We find it in the work of Francis Bacon, for example, 
who argues that technical progress can only be achieved by isolating the 
investigation of nature from practical contexts: 

the very abundance of mechanical experiments reveals the dearth of those 
that contribute and help most to informing the intellect. For the 
mechanic, caring nothing for investigating the truth, does not give his 
mind or reach out his hand to anything apart from what helps him in his 
work. But hope of further advancement of the sciences will be well 
grounded only when we take and gather into natural history many 
experiments of no use in themselves but which only contribute to the 
discovery of causes, which experiments I have grown used to calling 
Light-bearing as against Fruit-bearing ones. Now, the former have a 
marvelous virtue and quality to them, namely that they never fail or let 
you down. For since we bring them in not to accomplish any work but to 
show the natural cause in something, they suit their purpose whichever 
way they turn out because they settle the question." 

Bacon’s criticisms of the epistemology of the craftsman proved to be remark¬ 
ably influential. Successive generations of experimental philosophers routinely 
reiterated Bacon’s claim that the connection to practice and practical goals 
confines the mechanic’s attention only to that which appears immediately 
profitable while at the same time obscuring the significance and relevance of 
discoveries that are not considered to be related to their current project. 
Bacon’s followers also extended this idea by outlining further reasons why the 
inherently practical nature of craftwork functioned to hinder technological 
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progress. In The History of the Royal Society , for example, Thomas Sprat 
(1667, p. 391) notes how the lengthy and practical nature of the training a 
tradesman receives functions to restrict them to particular methods of 
working and prevent them from exploring new practices which might yield 
new technical discoveries. A more serious difficulty however, according to 
Sprat, lies in the tendency for craftsmen to ‘jump the gun’ by seeking 
to capitalise on discoveries before enough investigation has been performed 
to ascertain the true causes of a particular phenomenon: 

It diminishes that very profit for which men strive. It busies them about 
possessing some pretty Prize; while Nature itself, with all its mighty 
Treasures; slips from them: and so they are serv’d like some foolish 
Guards who, while they were earnest in picking up some small Money, 
that the Prisoner drop’d out of his Pocket, let the Prisoner himself escape, 
from whom they might have got a great randsom. 34 

Not surprisingly, such critiques of the epistemology of the artisan invariably 
served to outline a positive role for the experimental philosopher. Sprat con¬ 
tinues the passage above, for example, by noting how this difficulty can be 
avoided by entrusting the investigation of nature to ‘the care of such men, 
who by the freedom of their education, the plenty of their estates, and the 
usual generosity of Noble bloud, may be well suppo’d to be most averse 
from such sordid considerations’/ Far from attempting to conceal the 
homogeneity of the membership of the Royal Society then. Sprat purposely 
draws attention to the fact that ‘the farr greater number are gentlemen, free 

A / 

and unconfin’d’, in order to underscore the epistemological benefits of 
investigating nature outside of practical contexts. According to Sprat, these 
benefits include possessing a more open mind for new discoveries, 37 and a 
psychological temperament that is more resistant to failure. Even a lack of 
manual skill is suggested by Sprat to confer an advantage to the gentleman 
natural philosopher: 

they come to try those operations, in which they are not very exact, and 
so will be more frequently subject to commit errors in their proceeding; 
which very faults, and wanderings will often guide them into new light, 
and new conceptions. 39 

Sprat was not alone in regarding the manual dexterity of the craftsman as 
an obstruction in the path of technological progress. In Some Considerations 
Touching the Usefulness of Experimental Philosophy , Robert Boyle (1671) 
advanced a similar critique of the role of skill in the epistemology of craft. 
In particular, Boyle argued that the craftsman’s reliance upon skill in their 
work at the expense of ‘any diligent or accurate search into the qualities of 
those productions’ has left many of the properties of natural materials 
undiscovered. 
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Boyle’s work gives voice to a common contention among fellows of the early 
Royal Society, that contemporary artisanal practices were often radically 
inefficient: 

what the artificer undertakes, is either long in doing (as in the ordinary 
way of tanning, brickmaking, seasoning wood etc.) or takes up more 
paines, or requires a greater apparatus of instruments, or else is some 
other way more chargeable, or troublesome, or laborious to be effected 
than it needs to be. 40 

For some cases, Boyle maintained that ‘things that are wont to be done by the 
labour of the hand, may with far more ease and expedition (the quantity 
considered) be performed by engines’. 41 Indeed, the development of mechan¬ 
ical devices that could replace the hand of the craftsman was a common goal 
of early experimentalists such as Hooke, who laboured to develop devices for 
astronomy and manufacture that would decrease the reliance of the natural 
philosopher on the artisan. 42 

Yet perhaps the central source of the inefficiency of craftwork, according to 
Boyle, was the cultivation of manual skills through lengthy apprenticeships, a 
feature of artisanal culture that he believed could often be rendered superfluous 
by the development of an experimental philosophy that provided ‘knowledge of 
peculiar qualities, or uses of physical things (which) may enable a man to per¬ 
form those things physically, that seem to require tools and dexterity of hand, 
proper to artificers’ 43 Like many of the fellows of the early Royal Society, 
Boyle envisaged such knowledge to take the form of a ‘history of trades’: a 
compendium of technical information gleaned from the observation of craft 
practices, which according to William Petty, would contain descriptions of: 

the whole Processe of Manual Operations and Applications of one Nat- 
urall thing (which we call the Elements of Artificials) to another, with the 
necessarie Instruments and Machines, whereby every peice of worke is 
elaborated, and made to be what it is, unto which work bare words being 
not sufficient, all Instruments and tooles must be pictured, and colours 
added when the discretions cannot be made intelligible without them. 44 

The project of developing a history of trades represented the cornerstone upon 
which the experimental philosopher’s claims to be able to improve the practice of 
craft depended. Petty, for example, expected a history of trades to reduce the 
time required for an apprenticeship in the trades by more than half. 4 " Likewise, 
Thomas Sprat emphasised the capacity of such a work to help instruct: 

the worst artificers ... by considering the methods and the tools of the 
best: and [cause] the greatest inventors ... (to) be exceedingly inlighten’d; 
because they will have in their view the labours of many men, many 
places and many times, wherewith to compare their own. 46 
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According to Sprat, invention was a project that was understood to be ideally 
suited to the gentleman, whose lack of rigorous professional training in any 
one discipline was suggested to have cultivated a ‘large and unbounded mind’ 
that was more capable of recognising undiscovered technical possibilities than 
the ‘low and vulgar genius’ of the craftsman. 47 Unfettered by practical inter¬ 
ests, and armed with a history of trades, the experimental philosopher was 
thereby understood to attain a vantage point from which a wide variety of 
different trades could be assessed and compared simultaneously. This was 
understood to facilitate the recognition of, among other things, the potential 
for cross fertilisation - techniques unique to a particular art that might also 
prove beneficial to other forms of practice. 

However, the great promise that experimental philosophy was believed to 
hold for the progress of technology depended not only on the separation of 
the knowing subject from practical contexts, but also upon the decontextua- 
lisation of the objects of knowledge. For before technical information could 
play such a role, it too had to be rendered independent of context. In the 
second volume of The Usefulness of Experimental Philosophy, Boyle (1671) 
envisions the task of the experimental philosopher as translating the expertise 
of the artisan on natural materials into context independent properties which 
could form the basis of an experimental science of materials: 

For ... although they commonly mean by such termes (of Goodness and 
Badness) no more, than the fitness, or unfitness of such things to yield a 
good price, and in order thereunto for the purposes they are to be 
imployed about in their particular Trades-, yet this fitness or unfitness is 
wont to consist in, or to suppose, Qualities, that may relate to divers 
other things, and be apply’d to many other purposes. 48 

In the same way that the testimony of the artisan was understood to require 
decontextualisation in order to realise its full epistemological potential, so too 
was the knowledge arising from experiment. For the majority of those who per¬ 
formed the experiments upon which the new science was to be based, such as 
Boyle’s technicians in his laboratory, or even curators of the Royal Society such 
as Hooke, were paid for their services, invoking negative associations to the 
artisan, whose epistemological abilities were widely believed to be limited by 
association with personal interests and practical contexts. The solution was to 
separate the process by which experimental knowledge was generated from the 
performance of experiments themselves. For members of the early Royal Society, 
the production of experimental knowledge was conceived not as an operative 
task achieved by those performing the experiments, but as a discursive activity 
undertaken by the largely genteel membership, who would in a disinterested way: 

judge and resolve upon the matter of fact (by taking) an exact view of the 
repetition of the whole course of the experiment ... This critical and reiter¬ 
ated scrutiny of those things, which are the plain objects of their eyes; must 
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needs put out of all reasonable dispute, the reality of those operations, which 
the society shall positively determine to have succeeded. 49 

The manner in which experiments were to be selected for demonstration was 
also influenced by the ideal of disinterestedness. In an effort to avoid being 
misled by theoretical preconceptions, members of the society often aimed to 
separate the experience of experimental demonstrations from theoretical con¬ 
texts altogether. According to Sprat, this meant that experiments were to be 
selected by a process in which members would: 

urge what came into their thoughts, or memories ... either from the 
observations of others, or from books, or from their own experience, or 
even from common fame itself. And in performing this, they did not 
exercise any great rigour of choosing, and distinguishing between truths 
and falsehoods: but a mass altogether as they came 50 

The result was an experimental programme which was notoriously eclectic. 
Among the various subjects addressed by the experimental agenda of the 
Royal Society were the investigation of properties of materials traditionally 
considered the purview of the artisan: the tensile strength of wire, for example, 
or the combustibility of different kinds of wood. However, demonstrations such 
as this were often performed on the same afternoon as anatomical dissections, 
or the presentation of chemical substances or mechanical devices that had been 
prepared earlier. This deliberately unstructured approach to experimental 
demonstration, coupled with the society’s vigorous insistence on the practical 
benefits such a programme would yield, inevitably gave rise to parody. The 
most well-known example of a satirical depiction of the new scientific practices 
is Thomas Shadwell’s The Virtuoso (1676). Here we find the difficulties facing 
the public legitimation of the Royal Society’s approach to the investigation of 
nature reflected clearly in the exploits of the main character, Sir Nicolas Gim- 
crack, who in attempting to develop a method for swimming on dry land, 
proudly proclaims; 

I content myself with the speculative part of swimming; 

I care not for the practice. I seldom bring anything to use: 

’Tis not my way. Knowledge is my ultimate end. 31 

Conclusion 

The benefits of separating the acquisition of knowledge from practical con¬ 
texts represent one of the central presuppositions underlying the experimental 
practices that emerged in England during the latter stages of the seventeenth 
century. Widely conceived as a prerequisite for technological progress itself, 
the decontextualisation of both the knowing subject and the object of 
knowledge constituted a guiding ideal which influenced the development of 
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experimental practice and theory. Here we see how despite the repeated 
insistences of Society members to be breaking with established traditions and 
pursuing radically new avenues for research, this aspect of their thought 
instead reflected traditional epistemological assumptions which have held a 
central place in western philosophy since classical antiquity. Taking practical 
knowledge as our theme in this article has allowed us to see how, while far 
removed in terms of time and place, Heidegger and fellows of the early Royal 
Society nonetheless occupied a shared philosophical universe. For the same 
epistemological presuppositions that members of the society worked to affirm in 
practice and theory were precisely those that Heidegger was concerned to criti¬ 
cise through an exploration of the phenomenological relationship between 
practice and experience. In demonstrating how our experience of a dichotomy 
between subject and object emerges through the adoption of a stance of disin¬ 
terested contemplation, Heidegger’s thought suggests a fundamental difference 
between forms of experience common in craftwork and experimental practice. 
For unlike artisanal work which was structured by practical contexts, propo¬ 
nents of the new experimental practices approached nature as spectators, 
removed from their objects of knowledge through a set of practices designed to 
reap the epistemological benefits of disinterested contemplation. 
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8 Teleology: A case study in iHPS 

Andrea Gambarotto 


Introduction 

Teleology is a paradigmatic example of the benefits of integrating History 
and Philosophy of Science. The theoretical implications of teleology and 
its conceptual history are in fact often so intertwined that a historical 
perspective is absolutely essential to understand the philosophical issues at 
stake, let alone solve them. 

Teleology is a kind of reasoning by which the goal of an entity contributes 
to the explanation of its very existence. In mainstream philosophy of biol¬ 
ogy, teleology is mostly considered a vestige of pre-Darwinian frameworks, 
such as natural theology, which appeals to a heavenly Designer whose 
intentions explain the existence of biological organisms. In this respect, J.B. 
S. Haldane (1892-1964), one of the fathers of modern population genetics, 
said that ‘teleology is like a mistress to a biologist: he cannot live without 
her, but he is unwilling to be seen with her in public.’ 1 This characterisation 
of teleology captures the fundamentally controversial character of the 
notion: on the one hand, teleology structures conceptualisations of biologi¬ 
cal systems; on the other hand, it continues to be treated as a residue of 
metaphysics that must be permanently eliminated from natural science. 

The fundamental hypothesis of this chapter is that the controversial 
nature of teleology is essentially linked to a lack of appreciation of the 
complex semantics, both historical and theoretical, surrounding the concept. 
More precisely, my hypothesis is that Haldane’s characterisation betrays a 
fundamental misunderstanding of teleology that can be traced back to the 
early modern period. This misunderstanding has hitherto prevented us from 
adequately conceptualising the intrinsic purpose of living systems. 

By analysing some of the most relevant historical occurrences of teleology, this 
chapter aims to make a case for iHPS as a specific kind of inquiry, different from 
both externalist historical reconstruction and theoretical Philosophy of Science. I 
argue that a historical perspective is a crucial resource for the Philosophy of 
Science, because it serves to uncover the contextual origin of supposedly obvious 
concepts, bringing to light the assumptions on which they rest and the other 
theoretical alternatives that their emergence obscured. 
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This argument for iHPS, as Uljana Feest and Friedrich Steinle maintain, 
stems from a twofold theoretical commitment: 

(1) on the one hand an interest in the historical processes by which scientific 
knowledge, as encapsulated in concepts, is generated, and (2) on the other 
hand a desire to construct philosophical accounts that do justice to the ways 
in which science is actually practiced (in this case: how scientific concepts 
are actually used or formed). 

At the same time, and this is my main point, a history-friendly attitude is 
not only useful (or necessary) for making sense of scientific concepts and 
investigative practices, but it also allows us to excavate archives of lost 
theoretical alternatives with the potential to open up conceptual solutions 
to contemporary issues in the Philosophy of Science. In this sense, this 
chapter should be read as an exercise in combining the History of Science 
and the History of Philosophy to come up with concepts that we can use 
to reframe our current theoretical problems from a different perspective. 

As stressed by Ernst Mayr, ‘the discussion of teleology occupies consider- 
able space (10-14%) in several recent philosophies of biology'/" Yet, most 
philosophers have treated teleology as a unitary phenomenon, ignoring the 
fact that the term has been applied to several natural phenomena that are 
fundamentally different from one another. To appropriate an old Aristotelian 
expression, ‘teleology is said in many ways’. Therefore, we must first of all 
understand what we are talking about when we use the term. In this respect, a 
historical perspective is fundamental for us to appreciate the concept’s 
semantic stratifications. Indeed, by turning back to the term’s Aristotelian 
roots, it is possible to identify a much different conception of teleology. With 
this goal in mind, my argument unfolds as follows: 

Section 8.1 takes into account the early modern origins of the notion of 
teleology and its relation to Cartesian mechanism. I argue that this concep¬ 
tion of teleology is fundamentally connected to an idea of purposiveness as 
(God’s) intention and I underline some echoes of this strand of purposiveness 
in mainstream evolutionary theory. Section 8.2 turns back to the Aristotelian 
understanding of natural purposiveness, stressing its fundamental difference 
from the early modern conception of teleology and identifying when it reap¬ 
peared after Kant. The reason I return to Aristotle is because of my general 
argument for integrating the history and philosophy of science; namely, that 
the history of science can be profitably understood not only as the ‘sequence 
of past scientific theories,’ but especially as an ‘archive of theoretical alter¬ 
natives’. Contained with this we can recover conceptual frameworks that can 
be applied to problems that still exist within philosophy of science today. 
Expanding upon this historical background, section 8.3 introduces a more 
detailed case study, concerning how the Aristotelian conception of teleology was 
implemented by Hegel. This will provide us with another notable example of 
how the history of science can provide useful conceptual tools to the philosophy 
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of science. In fact, despite being largely regarded as purely metaphysical and 
unconcerned with natural science, Hegel’s account of purposiveness represents 
the strongest re-emergence of the Aristotelian account of purposiveness as 
autonomous self-organisation. This view of teleology as autonomous self-orga¬ 
nisation is slowly re-emerging in contemporary biology as well, and further 
demonstrates the importance of a discussion of teleology for issues within iHPS. 

This chapter concludes by showing the recent resurgence of this idea of pur¬ 
posiveness in the work of the ‘autopoiesis’ school of Humberto Maturana and 
Francisco Varela. This will consolidate my claim that close attention to past 
theoretical endeavours can help reconceptualise natural purposiveness, by 
showing that a different understanding of teleology is possible and has indeed 
been put forth by a notable tradition, which can fruitfully be rediscovered today. 
My overall argument thereby suggests that an historical perspective can assist in 
more accurately framing contemporary problems with iHPS, identify interesting 
conceptual solutions, and help to avoid unfortunate cases of theoretical 
amnesia. 4 

8.1 Teleology and design: the early-modern conception of purposiveness 
and its place in contemporary biological theory 

This section will focus on the early-modern understanding of natural purpo¬ 
siveness, which today still constitutes the main (and often sole) conceptual 
reference point for contemporary discussions of teleology. The term ‘teleology’ 
as we now use it was formulated by the philosopher Christian Wolff (1679-1754) 
in the first half of the eighteenth century. In his Philosophia rationalis sive logica 
(1728), Wolff defined ‘teleology’ as the part of physics that deals with the ‘ends of 
things’, describing it as a ‘theologia experimentalis’ whose function was to make 
the wisdom of God comprehensible through the study of nature. This link 
between teleology and theology was built upon by the classic ‘watchmaker ana¬ 
logy’ of William Paley (1743-1805), according to which the organisation of 
living beings implies the existence of an ‘intelligent designer’ in the same way 
that the complex organisation of a watch implies the existence of a watchmaker. 
This premise is precisely what led contemporary philosopher of biology Michael 
Ruse to define teleology as a ‘neo-scholastic pursuit’. 5 Our current mainstream 
concept of teleology is largely influenced by its early-modern origins and is 
grounded in the ideas of ‘conscious intention’ or ‘intelligent design’. Since the 
early-modern period, this ‘teleological’ conception is opposed to a ‘mechanical’ 
conception of living organisms. 

The explicit purpose of the usage of mechanistic conceptions of living 
organisms was to eliminate any reference to the final causes found in tel¬ 
eological conceptions. However, as Haldane pointed out, once thrown out 
the door, teleological language always seems to crawl back in through the 
window. Indeed, natural purposiveness is so structurally linked to the 
conceptual organisation of biological systems that mechanism seems 
unable to eliminate any of the teleological language that, albeit often 
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inadvertent or disguised, remains at the heart of the discourse on living 
beings. Haldane’s discourse is underwritten by a binary: either we explain 
the organisation of the living as the result of divine intention or we con¬ 
sider it the result of a pure mechanism lacking goal-directedness. However, 
this binary opposition is the result of a unilateral conception of teleology 
modelled solely on the kind of ‘neo-scholastic’ teleology described above. 
It is precisely here that a historical approach can help us put things into 
perspective, by understanding the origin of concepts which we otherwise 
take for granted. 

Since Descartes, mechanism has been the way modern science conceives of 
scientifically legitimate explanation: as an opposition to teleological explana¬ 
tions. As a philosophical position, this implies two different arguments, which 
are often superimposed: (1) a metaphysical argument according to which 
living organisms are machines; (2) an epistemological argument according to 
which reference to efficient causes is the only means of legitimately explaining 
natural phenomena. 

(1) In the metaphysical argument, mechanism as such is not incompatible with 
the idea that the order of the world is the result of the intention of God. In fact, 
though mechanical philosophers of the seventeenth century explicitly rejected 
final causes immanent to nature, they accepted an idea of purposiveness imposed 
on nature from the outside. In this sense, for Descartes or Newton, reference to 
efficient causes as the basis for scientific explanation was perfectly compatible 
with the fact that those causes were the product of a divine plan. 

(2) In the epistemological argument, the idea of immanent final causes 
continued to play an important, though often not explicitly recognised, role in 
the natural philosophy of the 17th century. Although this period is generally 
understood as the heyday of mechanism, studies have revealed the presence of 
teleological analyses in representative natural philosophers such as Robert 
Boyle or Pierre Gassendi, 6 and even a ‘more discrete presence of functional 
explanatory concepts in self-proclaimed mechanists such as Descartes’ which 
has recently led the philosopher and historian of science Charles T. Wolfe to 
label the methodology of modern natural philosophy with regard to the 
explanation of living organisms as ‘teleomechanism’. 

If mechanism is essentially a reaction against teleological arguments, Dar¬ 
winism is generally considered its battle horse. In Darwinism, even though 
organisms appear to be the result of design, there is no designer: natural 
selection alone performs this role. Considered from a historical perspective, 
however, this approach also maintains some forms of teleological language. In 
the context of contemporary evolutionary biology, the divine architect is 
replaced by natural selection, a purely mechanical process that is considered 
sufficient to eliminate all teleology from scientific discourse. Yet, as Michael 
Ruse says, ‘the metaphor of design, with the organism as an artefact, is at the 
heart of Darwinian evolutionary biology’. 8 This statement is confirmed by 
studies in different fields. Historian of science Dov Ospovat (1981) has shown 
that Paley’s natural theology played a key role in Darwin’s scientific training 
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in Cambridge, before he left on the Beagle. More recently, philosopher Tim 
Lewens (2006) has pointed out that, from a conceptual point of view, the 
dominant language in contemporary evolutionary biology is strikingly similar 
to William Paley’s natural theology. In a similar way, biologist John Reiss 
(2009, p. xiii) argues that: 

the relation of current evolutionary biology to the 'design problem" is 
indeed rather strange. We deny evolution any teleology, any goal-direct- 
edness. Yet we use past selection as a way to explain the current adapt¬ 
edness of organisms, in much the same way that pre-Darwinian natural 
theologians invoked the past actions of the Creator - as exemplified by 
Paley’s famous metaphor of the Creator as divine watchmaker. 

This artefactual (and therefore somewhat theological) conception of biological 
organisation was also the critical target of the now classic article by Stephen 
Jay Gould and Richard Lewontin (1979) entitled 'The Spandrels of San Marco 
and the Panglossian Paradigm: A Critique of the Adaptationist Programme’. 
The ‘Panglossian Paradigm’ refers here to the satire Candide by Voltaire, in 
which the French philosopher criticises a caricatured version of Leibnizian 
philosophy in which 'everything that happens is in the best of worlds wanted by 
God". In a rather provocative way, Gould and Lewontin consider this mantra 
as also the underlying premise of Orthodox Darwinism’s ‘adaptationist’ pro¬ 
gramme: if a trait was selected, then it must be the ‘optimal’ one. 

Gould and Lewontin’s argument is probably the best example of what I have 
argued in the present section, namely that our mainstream understanding of pur¬ 
posiveness in nature stems largely from the early-modern conception of teleology 
as intention. In the following section, I will argue that historical examples show us 
that the artefactual paradigm is not the only possible way to conceptualise the 
teleological features of biological organisation. In fact, historically speaking, this 
conception of teleology derives from a different understanding of natural purpo¬ 
siveness, one strongly underrepresented in current mainstream debates: the rich 
and yet largely neglected tradition, in philosophy as well as in biology, of an 
Aristotelian conception of finality as the intrinsic feature of living systems. 

8.2 A minor historical canon: intrinsic teleology and its tradition 

In the previous section I showed how the early-modern conception of teleology 
as ‘intelligent design’ still plays a fundamental role in our mainstream neo-Dar¬ 
winian conception of natural purposiveness. I turn now to the older, Aristotelian 
understanding of organic purposiveness, in order to stress that the early-modern 
understanding of teleology sketched above is not the only possible con¬ 
ceptualisation. I will then briefly sketch the resurgence of Aristotelian natural 
purposiveness after Kant in the nineteenth and twentieth centuries when tele¬ 
ology was not understood in terms of the assumption (or metaphor) of conscious 
intention but rather in terms of autonomous self-organisation. 
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Aristotle never used a Greek equivalent for the term ‘teleology’, he instead 
mainly referred to ‘the cause for the sake of which’. In almost every passage 
in which Aristotle introduces, discusses, or argues for the existence of final 
causality, his attention is focused on the generation and development of living 
organisms. What does Aristotle mean when he says that development is for 
the sake of the resulting adult organism? In an article that has become classic 
on the subject, Allain Gotthelf argues that most existing interpretations of 
Aristotle’s words fit into two main traditions: 

1 The first, which may be called the ‘immaterial agency’ interpretation, 
maintains that Aristotle understands natural teleology fundamentally 
on an analogy to human purposive action, in a way that implies that 
the developing embryo is (or embodies) some sort of conscious or 
quasi-conscious agent, directing the flow of materials, guiding its 
development to maturity. 

2 The second, and more recent interpretation, may be designated the 
‘explanatory condition’ interpretation. It maintains that the ‘final cause’ 
is in no sense actually a cause, though it plays a role in a certain type of 
explanation; and that its role in the explanation of organic development 
is to identify that for which the stages of development are necessary and 
(thus) that in terms of which they must be identified if they (and the 
development they constitute) are to be rendered ‘intelligible.’ 9 

According to Gotthelf, both interpretations lead to ‘Aristotelian mortal 
sins’: the first reverses the Aristotelian priority of nature over art; the 
second seems to suggest that mechanical, and thus fortuitous events, are 
‘for the sake of something’. Gotthelf concludes that Aristotelian teleology 
is ‘neither vitalist and mystical, nor “as if’ and mechanical’. 10 On the 
contrary, for Aristotle purposiveness is an entirely natural, constitutive and 
intrinsic, feature of living beings. In this sense, the philosopher Marjorie 
Grene (1972, p. 398 cited in Mayr 1992, p. 121) is right to point out that 
‘there is absolutely no question of “purpose” here, either man or God’s. 
To suppose otherwise is to introduce a Judeo-Christian confusion of which 
Aristotle must be entirely acquitted’. 

The historical re-emergence of this idea of teleology in modern times is 
connected to the work of Immanuel Kant. In the first paragraphs of the 
‘Critique of the Teleological Judgment’, the second section of his Critique 
of the Power of Judgment (1790), Kant introduces a fundamental distinc¬ 
tion between ‘extrinsic purposiveness’ and ‘intrinsic purposiveness’. This dis¬ 
tinction is essentially intended to mark the difference between artefacts and 
organisms. Extrinsic purposiveness can be defined as ‘utility’ and is a con¬ 
stitutive feature of artefacts: for instance, the purpose of a watch is to mark 
the hours. It is defined as ‘extrinsic’ in these cases because purposiveness is 
never a property of the artefact as such but always extrinsically attributed to 
it by a designer. On the other hand, intrinsic purposiveness defines the 
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fundamental phenomena of living beings: reproduction, growth and functional 
integration. These are defined as ‘intrinsic’ because they are not produced by 
some outside being but rather by the living organism itself. 

As an example of intrinsic purposiveness, Kant takes the case of a tree. A tree 
produces itself in relation to the species, the individual, and its parts: it generates 
other trees of the same species; it generates itself as an individual through the 
phenomenon called growth; and this generation works in such a way that the 
preservation of each part is mutually dependent on the preservation of the 
others. Organised beings that display these characteristics are defined by Kant as 
‘natural purposes’ ( Naturzwecke ). Natural purposes have an ‘intrinsic’ purpose, 
that is, self-organising features that are absent in machines. In a watch, in fact, 
each part is organised in relation to the others, but the watch itself does not 
produce them. On the basis of these considerations, Kant asserts that: 

an organized being is thus not a mere machine, for that has only a motive 
force, while the organized being possesses in itself a formative force (Bil- 
dungskraft), and indeed one that it communicates to the matter, which 
does not have it (it organizes the latter): thus it has a self-propagating 
formative power, which cannot be explained through the capacity for 
movement alone (that is, mechanism). 11 

The development of such an intrinsic conception of teleology is linked to 
the empirical work of certain post-Kantian naturalists belonging to the so- 
called ‘Gottingen School’ as well as to the enterprise of Romantic Nat- 
urphilosophie. At the beginning of the nineteenth century, discussing this 
conception of teleology, Hegel said that ‘one of the great services rendered 
by Kant to philosophy consists in the distinction he has established 
between the relative or extrinsic finality and the intrinsic finality; in the 

1 9 

latter, he opened the concept of life’. 

This very brief sketch of the ‘intrinsic teleology tradition’ that I am 
summarily reconstructing in this section goes all the way into the twen¬ 
tieth century. In the early twentieth century, a number of theoretical biol¬ 
ogists, such as J.S. Haldane, D'Arcy W. Thompson, E.S. Russell, J.H. 
Woodger, J. Needham, and C.H. Waddington in England, RA. Weiss and 
L. von Bertalanffy in Austria, and J. von Uexkiill in Germany developed 
this idea of teleology into a new non-reductionist, or ‘organicist’, theory of 

1 O 

the organism. ’ Due to its theoretical continuity with the nineteenth-cen¬ 
tury German tradition's emphasis on organic wholes and intrinsic tele¬ 
ology, this twentieth-century intervention was recently labelled, using a 
theoretically productive anachronism, as ‘Romantic biology’. 14 

This approach had some currency in the first half of the twentieth century, 
but was completely obliterated by the molecular revolution starting in the 
1940s and has since then been largely underrepresented on the con¬ 
temporary biological scene. 
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As philosopher Denis Walsh (2006, p. 774) puts it, ‘contemporary biology has 
responded to the problem posed by the natural purposiveness of organisms by the 
simple expedient of ignoring it.’ However, even if Kant’s problem has been largely 
forgotten in biology, it strongly resonates with issues that are only now beginning to 
attract biologists’ attentions - self-organization, the ‘emergent’ properties of 
organisms, their adaptability, their capacity to regulate their component parts and 
processes. 13 Biology is currently witnessing an important transition toward less 
‘reductionist’ approaches to life that favour an ‘organicist’ view of living systems. 16 
A central implication of this transition is reappraisal of the idea of ‘organism’ that 
was displaced in the 1940s by the establishment of modem evolutionary synthesis 

i n 

and the flourishing of molecular biology. 

In the context of this s hi ft, reference to frameworks and concepts elaborated 
by authors belonging to the post-Kantian tradition is strikingly frequent: 
Stephen Jay Gould and Richard Lewontin, for instance, have mobilised the 
concept of Bauplan in order to criticise the adaptationist programme of modern 
evolutionary synthesis; 18 Scott Gilbert and Sahotra Sarkar (2000) have argued 
that Kant’s view of organisms was a fundamental precondition of develop¬ 
mental biology; and Stuart Kauffman (2000) has even portrayed Kant’s 
understanding of organised beings as a template for self-organisation theory. 

In this sense, as historian Georg Toepfer (2012) puts it, the most recent 
developments in contemporary biology overthrow Theodosius Dobzhansky’s 
famous motto, ‘nothing in biology makes sense except in the light of evolution’ 
and lead us to the idea that ‘nothing in biology makes sense except in the light of 
teleology’. This situation justifies looking back at the tradition I have been 
sketching not only with the scholarly eye of the pure historian but in search of 
theoretical frameworks that can be applied to our contemporary problems. In 
this section I have presented only a very summary sketch of a century-long tra¬ 
dition conceiving of teleology in terms of autonomous self-organisation, as 
opposed to the design framework that characterises the early-modern origins of 
the term and its use in contemporary biological theory. In the following section I 
implement this general background with a specific case study, namely Hegel’s 
philosophical account of teleology, sketching a few remarks about how this work 
can help in trying to define a general methodology for iHPS. 

8.3 Teleology without intention: Hegel’s philosophical account of 
purposiveness 

This section extends the previous sketch by analysing Hegel’s philosophical 
account of teleology. It thereby provides an example of how history of science 
and history of philosophy can be productively integrated to approach the 
same problem from complementary perspectives. On this basis, in the con¬ 
cluding remarks to this section I will provide a brief sketch of a possible 
methodology for iHPS. In a nutshell, this methodology consists, on the one 
hand of mobilising the language of contemporary Philosophy of Science to 
‘translate’ older concepts that would remain obscure if left to the specific 
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jargon of their time. This ‘translation’, however, is not aimed at arguing that 
those historical categories simply ‘anticipated’ some of our contemporary 
views. Rather, I argue that the focus of iHPS should precisely be the resistance 
of some historical categories to our contemporary frameworks, for precisely 
that resistance indexes their possibility of bringing to light philosophical 
assumptions that are not discussed in contemporary debates. 

Unlike his peers, Kant and Schelling, who contributed concretely to the for¬ 
mulation of empirical research programmes for emerging biological science, Hegel 
did not actively participate in scientific controversies. Although he had been well 
aware of the developments occurring in most scientific disciplines of his time since 
his early years in Jena, his overall attitude was one of external observation and 
comment. In this sense, it is worth mentioning that while Hegel was composing his 
Jaener Entwiirfe in the early years of the nineteenth century, the epistemological 
space for the emergence of biology as a unified field had already been opened and 
the process of its institutionalisation had already begun. Nevertheless, or perhaps 
precisely because of this non-involvement, Hegel was able to criticise both Kant 
and the Romantic Naturphilosophie, as well as to offer one of the most eloquent 
accounts of the main philosophical points at stake in this debate. 

Hegel criticised the Kantian account of purposiveness with vehemence in the 
‘Teleology’ section of the Science of Logic and the Encyclopedia. This is the 
section of his System in which Hegel takes into account the conceptual structure 
of‘extrinsic’ purposiveness, i.e. utility. Here, Hegel discusses the logical structure 
of the final causes proper to instrumental or technical entities, whose essence lies 
in the fact of their being for something. ‘Intrinsic’ teleology, in Kant’s sense, as 
the specific purposiveness displayed by organised beings, is discussed in the fol¬ 
lowing section, which in fact is entitled ‘Life’. The idea of life as already con¬ 
taining inner purposiveness stands for Hegel ‘infinitely far beyond the concept of 
modem teleology which has only the finite , the extrinsic purposiveness in view’, 19 
since here ‘there is the perception of purposiveness, an intelligence is assumed as 
its author’. 20 However, in Hegel’s view, the concept of an extra-ordinary intelli¬ 
gence is proximate to the teleological principle, and thus seems to depart from 
the tme investigation of nature. 

With his typical philosophical methodology, Hegel intended to disclose the 
conceptual potentialities implicit in the notion of purpose and to show that 
technical purposiveness, i.e. extrinsic purposiveness, is a derivative form of 
teleology, presupposing a more fundamental kind of purposiveness, namely 
intrinsic purposiveness. Hegel argues that whenever the teleological relation is 
understood as extrinsic purposiveness, organisation is not conceived as the 
result of processes internal to the living individual itself but rather as the 
result of an external agency. 

Kant criticised Gottfried Wilhelm Leibniz's understanding of artifacts as 
human machines and of living organisms as divine machines. For Leibniz, the 
only difference between the two categories is that the latter are infinitely 
organised, unlike the former. This conceptual distinction is a quantitative 
matter; it does not imply a qualitative, categorical difference between 
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machines and organisms. Hegel upholds Kant’s rejection of this idea as his 
predecessor articulated it in his Critique of the Power of Judgment , but at the 
same time argues that Kant was not able to consistently move beyond this 
position either. Kant’s controversial resolution of the antinomy of teleological 
judgment is at least partially the result of his middle-position on the argument 
about intelligent design. 

As Hegel points out, on the one hand, Kant criticised modern metaphysics 
for understanding natural purposiveness in terms of mere utility and empha¬ 
sised the incongruence of referring to a divine maker when talking about 
natural objects. His distinction between ‘internal’ and ‘external’ purposiveness 
is aimed precisely at discarding this metaphysical assumption. On the other 
hand, Kant is quite firm in maintaining that we can only conceive of natural 
organisation according to the model of artefactual organisation. He therefore 
construes purposiveness as a regulative principle: we cannot claim that orga¬ 
nised beings are the result of divine design, but we do not seem to have other 
options for conceiving of them. 

Thus, according to Kant (2000, p. 271) we must consider organised beings 
as if they were the result of intention, while looking for mechanical explana¬ 
tions of biological organisation: 

we can boldly say that it would be absurd for humans even to make such 
an attempt or to hope that there may yet arise a Newton who could make 
comprehensible even the generation of a blade of grass according to nat¬ 
ural laws that no design ( Absicht) has ordered; rather, we must absolutely 
deny this insight to human beings. 

Indeed, according to Kant, biological organisation cannot be explained 
without reference to an intention, but this reference is unsustainable on 
empirical grounds alone: it must be understood as a heuristic device. Thus, 
despite his distinction between types of purposiveness, Kant like Leibniz still 
conceives purposiveness as always related to an intention. 

Hegel argues that when we consider living organisms in this way, we do 
not really understand them as purposes. Instead they are merely means 
that are used to realise some purpose lying outside of them. According to 
this framework, a living organism is not considered a natural purpose per 
se; its purposiveness is rather understood as the result of an external 
agency, and in this sense, there is no substantial difference between 
organisms and artefacts, between a living being and a clock. On the other 
hand, Hegel’s aim is precisely to comprehend the living organism ‘ by 
itself as a whole', a totality ‘that is not found in purpose and the extra- 
mundane intelligence associated with it’.“ For Hegel, conceiving purpo¬ 
siveness as extrinsic always implies a conscious intelligence that previously 
defined the object under consideration through reference to an idea that 
exists in and for itself - an idea which is not the result of a process of 
^//-organisation. 
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In Hegel’s view such external teleology underlies the conceptual structure 
of artefactual entities, whose purpose is not identical to them but something 
external. In this case, the content of a concept, which for Hegel is the spe¬ 
cific form of organisation to a living individual, is externally given rather 
than autonomously produced. On this score, Hegel (1981, p. 183) maintains 
that ‘one of Kant’s greatest services to philosophy was in drawing the dis¬ 
tinction between relative or extrinsic purposiveness and intrinsic purposive¬ 
ness; in the latter he opened up the concept of life, the idea’. At the same 
time, however, Hegel felt that Kant did not follow through with this insight, 
ultimately abiding by an extrinsic, intentional conception of teleology. This 
censure of Kant’s treatment of teleological judgments ‘remains as constant 
in Hegel’s writings as ... his praise of the idea of inner purposiveness’. 22 

For Hegel an adequate understanding of the notion of internal purpo¬ 
siveness is what opens up the idea of life. He defines life as that phenom¬ 
enon which is a purpose in and for itself. Something is alive when there is 
no opposition between purpose and organisation, because the organisation 
is both the cause and effect of itself. Since the organisation of a natural 
purpose is not the result of some external design but internally produced, 
it implies a form of self-determination, which Hegel calls subjectivity. This 
form of self-determination is the hallmark of autonomy: ‘this subject is the 
idea in the form of singularity, as simple but negative self-identity - the 
living individual ’. This individual, or subject, is characterised by Hegel as 
‘the initiating self-moving principle’. 

Within this framework, because of its self-determination, ‘the purposiveness 
of the living being must be grasped as intrinsic and must be understood as 
the living being’s most essential characteristic, which distinguishes it from 
externality and pervades it thoroughly: ‘this objectivity of the living being is 
the organism; it is means and instrument of purpose, fully purposive.’ For this 
reason, the organism is a manifold not of parts but of members: when sepa¬ 
rated from it, ‘they revert to the mechanical and chemical relations common 
to objectivity’ This idea of inner purposiveness is for Hegel ‘the concept of the 
living subject and of its process’, whose hallmark is a form of ‘self-referring 
negative unity.’ 24 

In other words, what makes something living is precisely the peculiar orga¬ 
nisation of its parts: this organisation is not something static but a dynamic 
process in which every part contributes to the subsistence of the whole, and 
thus the whole can be said to be at the same time the cause and the effect of 
itself. This form of relation to oneself (which in Hegelian terms is subjectivity) 
constitutes the fundamental structure of life and is described according to 
three different levels of autonomy: (1) the living individual (das lebendige 
Individuum ), (2) the living process (Lebensprozess ), and (3) the species (Gat- 
tung). These three determinations constitute the core of Hegel’s theory of 
biological individuality, a theory that is expounded in the Science of Logic. 

In that text, Hegel discusses (1) the living individual by means of close 
conceptual analysis of the form of organisation that characterises biological 
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individuals. Here Hegel makes reference to the ‘vital forces’. The notions of 
sensibility, irritability and reproduction are transfigured to fit the theoretical 
framework of Hegel’s logic and made to correspond to the three logical 
instances of universality, particularity and singularity. Hegel depicts sensibility 
as the ‘external existence of the inward soul’, which reduces externality to the 
‘complete simplicity of the self-equal universality’; irritability is instead 
defined as the ‘vital force of resistance ( Widerstandkraft)’ by means of which 
the living individual reacts to its surrounding environment. It is only in 
reproduction, however, that ‘life is something concrete and vital; in it alone 
does it also have feeling and power of resistance’. In this context, repro¬ 
duction should be understood not as the reproduction of the species but 
rather as the reproductive process internal to the individual itself: its faculty of 
continuously regenerating its own members. Hegel goes on to account for (2) 
the living process as the dialectical relation of an organised individual to the 
world external to it. This process begins with need (Bediirfnis ), which is 
defined by Hegel as a form of ‘self-determination of the living being’. Some¬ 
what paradoxically, the identity of an organism is marked by its continuous 
exchange with the environment. Through the experience of need, the living 
subject is connected with the outside world and seizes hold of the objects it 
finds there by means of the metabolic process. 

Finally, Hegel characterises (3) the species ( Gattung ) as ‘the completion of 
the idea of life’, because in the species a living individual displays an ‘identity 
of itself with its hitherto indifferent otherness’. This means that the living 
individual is at the same time identical to and different from the rest of its 
species. Identical since they belong to the same universal set, different because 
that set is made up of particular individuals who are ipso facto different from 
each other. In other words, ‘externality is the individual’s immanent moment 
and is, moreover, itself a living totality; an externality in which the individual 
has certainty of itself not as being sublated, but as subsisting .’ For this reason, 
the defining characteristic of living individuals is their impulse to self-replicate: 
‘from this side the species obtains actuality through its reflection into itself, for 
the moment of negative unity and individuality is thereby posited in it - the 

27 

propagation of the species.’ 

Through analysis of these three determinations - the individual, the living 
process and the species - the Science of Logic offers the conceptual basis for 
Hegel’s treatment of biological teleology. Here Hegel provides a conceptual 
framework that describes the essential characteristics of the living: organisa¬ 
tion, need, and self-replication. Through these ideas, Hegel provides the out¬ 
line for his theory of living subjectivity, which is defined as the form of being- 
for-self that realises itself in relation to its otherness. The most important 
result of his philosophical analysis is the observation that Kant’s account of 
teleology is underwritten with the unspoken assumption that purposiveness 
can only be understood as analogous to conscious intention. To the contrary, 
in accordance with the rest of the post-Kantian tradition, Hegel interprets 
teleology in terms of self-organisation and autonomy. 
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Conclusion: applications for current iHPS 

As a conclusion to this analysis, I would like to turn back to my general 
argument concerning the integration of historical and conceptual approaches, 
providing a brief sketch of how ‘Hegel’s philosophy of biology’ could be 
approached from an iHPS perspective. This methodology would imply, on the 
one hand, a historical reconstruction of Hegel’s scientific context and a 
detailed analysis of the logic inherent to Hegel’s philosophical treatment of 
the scientific issues of his time. In other words, it would analyse the way in 
which Hegel worked with existing scientific concepts to construct his theory of 
organic nature. At the same time, its goal would be to show how this theory 
relates to contemporary debates within the philosophy of biology. Although 
these might appear to be two mutually exclusive objectives, the combination 
of historical and theoretical perspectives yields an innovative, and notably 
more comprehensive understanding of Hegel’s philosophy of biology. 

Importantly, this work would not aim to demonstrate that Hegel 
‘anticipated’ some of our contemporary views on the nature of living sys¬ 
tems. Rather, it would mobilise the language of contemporary philosophy 
of biology to ‘translate’ Hegelian concepts that would remain obscure if 
left in the language of Romantic philosophy of nature. Accordingly, it 
would also stress the resistance of Hegelian texts to our contemporary 
categories, for that resistance indexes their possibility of bringing to light 
philosophical assumptions that are not discussed in contemporary debates. 
Every time we meet a form of such ‘resistance’, we need to ask whether 
that resistance marks a contingency, i.e., the fact that Hegel was dealing 
with theories that have since been proven wrong and thus cannot be 
translated into our contemporary language, or if the resistance is an 
opportunity for us to think about biological problems in a fresh and ori¬ 
ginal way. For instance, the fact that Hegel uses the concept of ‘sub¬ 
jectivity’ to discuss animal organisms is not necessarily historically 
contingent. Rather, it might be a consequence of the fact that Hegel pro¬ 
posed a definition of subjectivity that is absent from our contemporary 
biological vocabulary. In fact, Hegel’s understanding of biological organ¬ 
isms as living ‘subjects’ is perhaps one of the most innovative aspects of 
his philosophy of biology - one which might intersect and corroborate 
various non-mainstream approaches in contemporary biological thought, 
including the theories of autopoiesis, 28 dialectical biology, 29 self-organisa¬ 
tion, 30 and biological autonomy. 31 

To give a concrete example of what I have been describing above, I would 
now briefly like to show how this Aristotelian/Hegelian idea of purposiveness 
is currently witnessing a renaissance in some non-mainstream approaches to 
philosophy of biology. I thereby turn back to the general point I made in the 
introduction: that a historical perspective can bring to light an archive of 
conceptual solutions able to fuel innovative perspectives on our contemporary 
issues in Philosophy of Science. 
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In his very last paper, ‘Life after Kant’, Francisco Varela argued for the 

great need to bring to the fore the remarkable and recent convergence 
between the re-awakening of the philosophical discussion concerning 
natural purposes (with Jonas as the central figure), and an indepen¬ 
dent but convergent stream of thought concerning biological indivi¬ 
duality and the organism (with the autopoiesis school as the central 
figure). 32 

In virtue of these developments, Varela deems it possible that ‘after two 
centuries, we can move beyond the unstable position set out by Kant in 
the Critique of Judgment, and therefore provide a fresh re-understanding 
of natural purpose and living individuality.’^ Indeed, Kant held an 
unstable position by arguing on the one hand for the impossibility of a 
reductionist account of organisms, while on the other hand maintaining 
that the teleological features displayed by living systems should only be 
considered heuristically, not as part of their ontological character. 

The received view of teleology in contemporary, mainstream philosophy 
of biology puts the emphasis especially on the latter aspect, reading Kant 
as a forerunner of current ‘artifact models’ of the organism, according to 
which biological purposiveness should be understood as the result of a 
statistical, optimizing process carried out by evolution through natural 
selection. On the other hand, as Hegel before him, Varela insists that if we 
want to ‘take teleology seriously’ as a natural phenomenon, we need to 
fully develop the former aspect of Kant's controversial legacy. 

If we consider my previous analysis, Varela’s proximity to Hegel is quite 
striking: Hegel likewise recognised Kant’s understanding of organised beings as 
natural purposes but criticised him for conceiving of this purposiveness merely 
in terms of intentional agency and ascribing it a merely regulative function. 

The proximity between Varela and Hegel is even more evident when Varela 
writes that: 

teleology, understood as intrinsic teleology, turns out to be an empirical 
feature of an organism, its sine qua non condition. But this is objective 
not in an absolute sense, only insofar as an organism is a center that 
organizes matter into a living being and its Unmelt, hence enacting on 
this stage the original split of subject and its world and their dialectical 
interrelatedness. 34 

The manifestly Hegelian flavour of this last quote is a useful conclusion to 
this paper and provides one last piece of evidence to its central claim: that a 
historical perspective is a crucial resource for Philosophy of Science - one 
which can help us uncover the contextual origin of supposedly obvious con¬ 
cepts, frame our philosophical problems correctly, and provide a rich archive 
of potential solutions. 
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9 The cybernetic origins of enactivism and 
computationalism 

Joe Dewhurst 


Introduction 

The enactivist tradition in philosophy of mind and cognitive science is 
often seen as standing in opposition to the mainstream computationalist 
tradition, despite the shared ancestry of the two traditions in mid-twen¬ 
tieth century cybernetics. 1 This chapter traces the development of enac¬ 
tivist thought from its cybernetic origins, via the autopoietic theory of 
the Chilean cyberneticist Humberto Maturana. The purpose of this ana¬ 
lysis is twofold: firstly, to illustrate that many of the ideas central to 
enactivism need not necessarily entail an opposition to computational 
characterisations of cognition; and secondly, to identify exactly how and 
why enactivism came to be seen as an anti-computationalist tradition. 
An iHPS approach is crucial for both of these points, as without under¬ 
standing the historical roots of contemporary cognitive science it is diffi¬ 
cult to see why these two traditions became opposed in the first place, or 
how we might be able to move forward towards a future reconciliation. 

Section 9.1 introduces enactivism and computationalism, and explains 
why these traditions are usually seen as being opposed to one another. - 
Section 9.2 describes the respective origins of the two traditions in the 
cybernetic notions of biological homeostasis and neural computation, and 
looks briefly at how these two notions were, for a time, able to co-exist. 
Section 9.3 traces the development of the enactivist notion of autonomy, 
from its roots in biological homeostasis, through Maturana’s autopoietic 
theory, to the origins of modern enactivism in Varela, Thompson, and 
Rosch’s The Embodied Mind. Finally, section 9.4 returns to the con¬ 
temporary dispute between enactivism and computationalism, and argues 
that the enactivist notion of autonomy is only incompatible with compu- 
tationalism if computation is understood as a semantic phenomenon. By 
adopting a non-semantic, mechanistic account of computation, one that in 
fact has much in common with cybernetics and autopoietic theory, it 
might be possible to reconcile these two traditions. 
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9.1 Enactivism and computationalism 

Contemporary cognitive science is dominated by theories and approaches that 
treat the brain (and nervous system) as a computational system of some 
kind. 4 These approaches have been experimentally productive and have 
enjoyed apparent empirical success. 5 They are supported philosophically 
by the computational theory of mind, or computationalism for short. 6 
Computationalism holds that mental states and processes are the product 
of computations of some kind, and appeals to the success of computa¬ 
tional cognitive science in order to explain how the mind works. There is a 
long history of opposition to the computational theory of mind, but per¬ 
haps its greatest opponent can be found in the various enactivist tradi¬ 
tions, which typically hold as a core tenet that cognition cannot be 
computational. 7 This section will briefly review the basic details of both 
computationalism and enactivism, before outlining the reasons enactivism 
gives for rejecting computationalism. 


9.1.1 Computationalism 

The computational theory of mind developed out of work associated with 
cybernetics, but it was given its first proper philosophical articulation by the 
American philosopher Hilary Putnam in the 1960s. s Putnam (1967) argued for 
a view that has since become known as ‘machine functionalism’, according to 
which mental states and processes should be understood as certain kinds of 
functional organisation, which could in principle be implemented by a cor¬ 
rectly organised computational system. Putnam’s student Jerry Fodor (1975) 
subsequently developed this general approach into a more specific computa¬ 
tional theory of mind, according to which mental states are composed of 
language-like symbols constituting a ‘language of thought’. According to 
Fodor, the language of thought is meant to provide a computational imple¬ 
mentation for the mental state attributions of common sense folk psychology, 
whose operations and transitions coordinate the behaviour of the system 
within which it is implemented. To give a toy example, a perceptual stimulus 
might generate the symbol COW, which then interacts with the symbols 
BURGER and HUNGER, and causes the system to engage in hunting 
behaviour. It is (relatively) easy to imagine how a system of this kind might be 
implemented computationally (however difficult it might be in practice), thus 
offering a plausible naturalisation of our folk theory of mind. 

The idea that the brain is a computer is heavily embedded in contemporary 
cognitive science, and has been ever since the discipline originally emerged 
out of the cybernetics movement. The field of computational neuroscience, for 
example, has been relatively successful at uncovering the functional structure 
of the brain, even if it is still unclear how this structure relates to ‘thinking’ as 
such. 9 More generally, computational methods and models permeate the 
cognitive sciences, although the extent to which these actually require us to 
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think of the brain itself as computational is less clear. 10 The hegemony of 
computationalism is not total though, and there have been a number 
of opposing voices in the decades since cognitive science began, not least of 
which comes from the various strands of enactivism. 


9.1.2 Enactivism 

As we shall see in the next section, the anti-computationalist tradition that 
has become known as enactivism has its origins in (second-order) cybernetics. 
Its foundational text is Varela, Thompson and Rosch’s (1991) The Embodied 
Mind, where the term ‘enactivism’ is first used to refer to a theory of mind 
that rejects a representational characterisation of cognition in favour of the 
idea that meaning arises (or is ‘enacted’) out of the interaction between mind 
and world. Varela, Thompson and Rosch’s original presentation of enactivism 
drew on various sources of inspiration, including phenomenology, Buddhist 
philosophy, and Maturana’s ‘autopoietic’ theory of cognition, which char¬ 
acterises cognition as a process of autonomous ‘self-production’. This chapter 
will focus primarily on the latter influence, which I will trace back to the 
cybernetic notion of homeostasis, before making the relatively novel argument 
that enactivism can actually be made compatible with a computational char¬ 
acterisation of cognition. 11 This argument is based on an examination of the 
historical roots of both approaches to cognitive science, demonstrating the 
importance of an iHPS approach. 

Ward, Silverman and Villalobos (2017) distinguish between three main 
varieties of contemporary enactivism: ‘autopoietic’, ‘sensorimotor’, and 
‘radical’. Autopoietic enactivism emphasises the ‘autonomous’ nature of bio¬ 
logical systems, drawing on the autopoietic theory of Maturana (and Varela). 
The approach originated in Varela, Thompson, and Rosch’s (1991) The 
Embodied Mind, and contemporary proponents include Ezequiel Di Paolo (de 
Jaegher and di Paolo 2007), Xabier Barandiaran (2006), and Evan Thompson 
(2007) himself. Sensorimotor enactivism emphasises the role of action in per¬ 
ception and cognition, via the notion of a ‘sensorimotor contingency’, in other 
words, an awareness of what would happen (perceptually) if we were to move 
or act in a certain way. Contemporary proponents of tins approach include 
Kevin O’Regan and Alva Noe (2001), and Susan Hurley (2002). Finally, radi¬ 
cal enactivism, recently proposed by Daniel Hutto and Eric Myin (2012), 
emphasises the rejection of any notion of intrinsic representational content. All 
three varieties of enactivism share a general anti-cognitivist attitude, while at 
the same time disagreeing on the exact details of their positive proposals. In 
particular, sensorimotor enactivism need not necessarily reject computational 
or representational characterisations of cognition, whereas both autopoietic 
and radical enactivism share an opposition to mental representation, which 
contributes to their rejection of computationalism. 

For autopoietic enactivism, the rejection of mental representation necessa¬ 
rily entails a rejection of computationalism. The primary reason for this is 
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that the autopoietic enactivists have historically assumed that computation 
requires representation, in line with the classical computational theory of 
mind that they were responding to: if computation requires representation, 
and enactivism rejects representation, then it is quite clear that enactivism 
must also reject computation. However, the opposition goes slightly deeper 
than this, and can also be found in their initial reasons for rejecting the idea 
of mental representation. These have to do with the emphasis that they place 
on the autonomy of living (cognitive) systems, which the autopoietic enacti¬ 
vists think rules out the characterisation of cognitive systems as representa¬ 
tional systems. This autonomy requirement also speaks directly to their 
rejection of computationalism, as the various criteria for autonomy that they 
endorse are thought to be incompatible with computation. “ For example, an 
autonomous system is said to be ‘self-determined’, ruling out the kinds of 
instructional inputs that a computer is typically understood to require. 
Thompson (2007, p. 37) explicitly contrasts autonomous systems of this kind 
with ‘heteronomous systems’, such as an ‘automatic bank machine’, whose 
activities are ‘determined and controlled from the outside’. So computation is 
ruled out not only because it is thought to require representation, but also 
because a computational system is thought to be a paradigmatic example of a 
heteronomous system, placing it in direct opposition to the autonomy 
requirement. I will return to the question of autonomy and computation 
towards the end of the chapter, where I will suggest that this opposition is not 
quite as clear as it first appears. First, however, I will trace the cybernetic 
origins of both autonomy and computation, in order to give some initial 
motivation for the idea that they might in fact be compatible. 

9.2 Cybernetic origins 

Both enactivism and computationalism have their origins in the cybernetics 
movement of the mid-twentieth century. This movement, which was inspired 
by technological developments during World War II, had its heyday around a 
series of interdisciplinary conferences (the ‘Macy conferences’) held in the 
USA from 1946 to 1953. ~ The movement began to splinter after the final 
conference in 1953, with many researchers going on to become influential in 
what would become mainstream (computational) cognitive science, while 
others formed the ‘second-order’ cybernetics of the 1960s and 1970s. This latter 
group would eventually influence and inspire the first enactivists, who drew on 
second-order cybernetics to present their ideas. In this section I will consider 
two themes from the original cybernetics movement: neural computation and 
biological homeostasis. I will argue that each of these contain the seeds of what 
would eventually become computationalism and enactivism (respectively), and 
thus exemplify an era when the two now-hostile approaches to cognitive science 
were able to cooperate. 

The term ‘cybernetics’ was coined by the mathematician Norbert Wiener as 
a neologism from the Greek kybernetes, or ‘steersman’, evoking the idea of a 
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system being purposefully controlled. He subsequently defined cybernetics as 
‘the scientific study of control and communication in the animal and the 
machine’. 14 This new science was inspired by his experiences designing anti¬ 
aircraft gun targeting systems during World War II, and was intended to 
bring together various strands of mathematics, physics, biology, electrical 
engineering, and other disciplines. Wiener thought that the new science of 
cybernetics would provide an explanation of the complex behaviour of certain 
(seemingly intelligent) systems, both natural and artificial. In an earlier article, 
written in collaboration with neurophysiologist Arturo Rosenblueth and engi¬ 
neer Julian Bigelow, Wiener had argued that goal-directed behaviours, such as 
that of a guided torpedo correcting its course or an animal seeking out food, 
could be explained in terms of a general theory of negative feedback. 13 They 
thus sought to unify the study of both natural and artificial ‘teleological’ systems, 
at the same time as reincorporating them into a naturalistic or deterministic 
worldview. This general insight or approach would provide the foundation for 
the cybernetics movement as a whole. 

The Macy conferences, initially organised by Lawrence K. Frank and 
Frank Fremont Smith, and sponsored by the Josiah Macy, Jr. Founda¬ 
tion, brought together a diverse range of researchers with the general aim 
of developing a science of the human mind. 16 Ten conferences were held 
between 1946 and 1953, and the ideas cultivated in them would provide 
the foundations for what would eventually become cognitive science. The 
conferences each had an official title, usually referring to ‘circular feed¬ 
back mechanisms’, but it was not until the seventh conference that the 

1 

term ‘cybernetics’ was included in the title. The talks and ensuing dis¬ 
cussions at the conferences covered a vast range of topics, which all 
shared, as a common point of reference, the aim of trying to understand 
the human mind in ways that were amenable to contemporary scientific 
practice. 

In the rest of this section I will consider two key themes that arose 
during the conferences, neural computation and biological homeostasis, 
which correspond approximately to two themes that Jean-Pierre Dupuy 
(2009, pp. 3-4) identifies in early cybernetics, ‘thinking is a form of com¬ 
putation’ and ‘physical laws can explain the appearance of meaning in the 
world’. I will focus on these themes because each went on to inspire, 
respectively, the computational and enactive theories of mind, which are 
now seen as being diametrically opposed to one another. The connection 
between the cybernetic notion of neural computation and the con¬ 
temporary computational theory of mind is quite straightforward, and I 
will not say much more about it here. 18 Roughly speaking, if you think 
that the brain is a computer, and that mental activities or processes might 
also be computational, then it becomes easy to see what the relationship 
between mind and brain might be (something like the relationship between 
software and hardware in artificial computational systems). 
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9.2.1 Neural computation 

The idea of treating neural activity, in the form of synaptic bring, as instantiating 
a form of propositional logic, was first proposed by Warren McCulloch and 
Walter Pitts (1943 ) in their article ‘A Logical Calculus of the Ideas Immanent in 
Nervous Activity’. In this article they describe how the ‘all-or-none’ character of 
neuronal activity means that the neuron can be treated as essentially equivalent 
to a computational component performing a logical function. A neuron 
receives electrical impulses from preceding neurons, which serve to ‘excite’ 
the neuron until it reaches a certain threshold, at which point it releases che¬ 
micals (‘neurotransmitters’) into the synaptic gap, generating an electrical 
impulse in the subsequent neuron, and continuing the process. 19 A neuron 
with two preceding (‘input’) neurons, a threshold that requires a simultaneous 
(or at least temporally proximal) impulse from both, and one subsequent 
(‘output’) neuron, could therefore be treated as performing the logical 
operation AND, where an electrical impulse is treated as a ‘1’, and the lack of 
any such impulse as a ‘O’. A ‘net’ of such neurons can be treated as perform¬ 
ing more complex operations, allowing for a general characterisation of 
neural activity as a ‘logical calculus’. 

Towards the end of their paper, McCulloch and Pitts (1943, p. 17) claim that a 
neural net of tins kind is equivalent in computational power to a Turing 
machine. A Turing machine, as described by the mathematician and early com¬ 
puter scientist Alan Turing (1936), is a simple device consisting of an automaton 
with sensors, effectors, and a motor, supplied with a tape that it can mark with a 
number of discrete symbols (canonically, ‘0’ and T). The automaton reads a 
symbol off the tape, and then, according to rules defined by its internal structure, 
systematically either replaces the symbol or moves to the next symbol on the 
tape, and so on. Turing’s great insight was that even tins very simple system is 
capable of performing a vast number of computations, in fact providing a defi¬ 
nition of ‘computability’ that is equivalent to several other proposed definitions. 
According to McCulloch and Pitts’ characterisation of neural activity, the brain 
is essentially a Turing machine, and thus a kind of general purpose computer. 
Their paper therefore marks the birth of the computational theory of mind, as it 
provides a way of describing neural activity, and the behaviour it produces, in 
terms of computational processing. 20 

John von Neumann, an occasional attendee of the Macy conferences and the 
original designer of the basic architecture common to all modem computers, took 
inspiration from McCulloch and Pitts in his own work on neural computation. 

In The Computer and the Brain , von Neumann (2000) explores the possibility of a 
computational theory of the mind, comparing the processing power of an artifi¬ 
cial electronic computer with that of the brain. Finding the latter to be somewhat 
inferior, he suggests that some other mechanisms or properties of the brain must 
be relevant to cognition, such as the fine-grained structure of the neuron itself or 
the diffusion of chemical signals. He also argues that the brain might be using a 
distinctive ‘statistical language’, rather than the digital system assumed by 



Cybernetics, enactivism & computationalism 173 

McCulloch and Pitts. Despite his disagreement with parts of their paper, he was 
still content to describe cognition as being produced in some sense by the 
computational properties of the brain, whatever these may be. 

The cybernetic understanding of neural computation, as expressed by 
McCulloch and Pitts and von Neumann, makes no reference to representational 
content, in contrast with the computational theory of mind that subsequently 
developed. Insofar as it invoked anything like information, it was the mean¬ 
ingless, non-representational information described by Claude Shannon’s 
mathematical theory of information. Thus, as Dupuy (2009, p. 7) notes, 
‘computation was first introduced into the construction of a materialist 
and physicalist science not as symbolic computation involving representa¬ 
tions, but instead as a sort of blind computation having no meaning 
whatever, either with respect to its objects or to its aims’. This feature, as 
we shall see in the final section, could make the cybernetic notion of 
neural computation somewhat more amenable to the enactivists. 


9.2.2 Biological homeostasis 

The cybernetic concept of homeostasis has its origins in the work of Walter 
Cannon (1929), who coined the term in 1926 to describe the biological 
mechanisms responsible for maintaining the stability or integrity of a living 
organism. There are many mechanisms of this kind, including, for example, 
the maintenance of blood-glucose levels by consuming food and releasing 
insulin, and the maintenance of blood-oxygen levels via respiration. These 
mechanisms also interact in interesting and complex ways, with the overall 
result of keeping the organism alive and healthy for as long as possible. 

Wiener (1948, p. 114) briefly mentions homeostasis, relating it to the more 
general notion of ‘feedback’, but does not discuss it in any detail. The cyber¬ 
neticist most associated with homeostasis is W. Ross Ashby (1960), who draws 
on the concept to help illustrate his general definition of an "adaptive’ system 
as one which naturally returns to a stable (or homeostatic) configuration. He 
has in mind here a somewhat broader class of mechanisms than Cannon, 
including not only basic biological systems but also the operation of various 
artefacts created by humans and other animals. Ashby (1960, p. 62) was 
interested in the potential for this kind of explanation to be ‘applied to a great 
deal, if not all, of the normal human adult’s behaviour’, including learning 
and cognition more generally. Furthermore, it seemed to offer Ashby a way of 
naturalising the concept of ‘purpose’ or ‘meaning’: if the purpose of a system 
is simply to achieve homeostasis, then it could legitimately be described as 
‘aiming’ for this goal, without invoking any external source of meaning. 

Something like this approach can also be found in Rosenblueth, Wiener 
and Bigelow’s (1943) earlier work, ‘Behavior, Purpose, and Teleology’. They 
do not refer explicitly to homeostasis, but one of the authors (Rosenblueth) 
worked in Cannon’s laboratory at Harvard, and their definition of purpose in 
terms of circular feedback certainly calls to mind Ashby’s later discussion in 
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Design for a Brain , 24 They describe how any ‘self-correcting’ system, whether 
natural or artificial, can be understood in terms of negative feedback, which 
is feedback that adjusts the current trajectory of the system, rather than 
simply encouraging it to continue as it is. The behaviour of a system of this 
kind can appear purposeful to an observer, as knocking it ‘off-course’ will 
generate feedback that puts it back ‘on-course’, thus making it behave as 
though it has a definite goal in mind. For Rosenblueth, Wiener and Bigelow 
(1943, pp. 19-22), this is more than an appearance, and we should simply take 
behaviour of this kind to be genuinely purposeful, albeit at various levels of 
complexity and significance. Thus, like Ashby, they sought to explain the 
complex behaviour of an organism (or mechanism) in terms of the simpler 
notion of feedback and/or homeostasis. 

Both of the themes explored in this section (neural computation and 
biological homeostasis) coexisted for a time in the early cybernetics. A 
nice illustration of this coexistence are the autonomous robots produced 
by W. Grey Walter, which utilised computational circuitry in order to 
maintain a form of homeostatic equilibrium. These notions of home¬ 
ostasis and computation later came to be seen as standing in opposition to 
one another, or at least not obviously related. Computational theories of 
mind became increasingly abstract and distanced from the physical reali¬ 
ties of biological cognition, while homeostasis is a fundamentally biologi¬ 
cal notion, which only makes sense in the context of an embodied and 

O A 

environmentally situated organism. - ’ Dupuy (2009, p. 11) clearly expresses 
this opposition, writing that: 

the first cybernetics, confronted with the theories of self-organization and 
complexity that were to be dear to its successor [second-order cybernetics 
and eventually enactivism], turned its back on them, and indeed some¬ 
times - cruel irony! - actually combatted them. 

Mainstream, computational cognitive science became hostile to the 
approaches developed by second-order cybernetics, and contemporary his¬ 
tories of cognitive science typically have little to say about the original 
cybernetics movement. - In the next section I will describe how the 
cybernetic notion of homeostasis was instrumental to the development of 
the enactivist notion of autonomy, via Maturana’s idea of ‘autopoiesis’. 
Understanding this development is crucial if we want to see how and why 
enactivism came to reject computationalism, and how we might be able to 
reconsider this rejection in light of a more modern understanding of 
computation (albeit one that echoes the original cybernetics). 

9.3 The enactivist notion of autonomy 

There is much that could be said about the relationship between con¬ 
temporary enactivism and classical cybernetics. 28 I want to focus here on just 
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one aspect of that relationship, the development of the enactivist notion of 
autonomy out of the cybernetic notion of homeostasis, as it is this aspect that 
casts most light on the contemporary dispute between enactivism and com¬ 
putationalism. Autonomy, as we shall see in the next section, is central to the 
enactivist rejection of computationalism, and so in understanding its origins 
we can begin to explore the possibility of a reconciliation between the two 
approaches. 


9.3.1 Homeostasis 

For the original cyberneticists, the homeostatic system provided a general 
model of both life and cognition. A living organism is a homeostatic system, 
or perhaps a collection of several homeostatic systems which jointly con¬ 
tribute to the continued existence of the organism. Such systems will even¬ 
tually collapse, and thus cease ‘living’, but so long as they are able to 
maintain homeostatic stability we can consider them to be alive. Add an 
additional layer of complexity, in the form of what Ashby calls ‘ultra- 
stability’, or the capacity to modify one’s own internal or external environ¬ 
ment in ways that are conducive to homeostasis, and we get something 
approaching intelligence or cognition. 29 Ashby illustrated his model of 
homeostasis with a literal ‘homeostat’, a simple network of four electrical 
devices, each connected to one another, but each also seeking to maintain its 

O A 

own homeostasis. The devices could be set to a random configuration, and 
after a period of (apparently) chaotic fluctuations would eventually settle 
into a stable configuration. Ashby’s presentation of his homeostat at the 
ninth Macy conference was somewhat controversial, and perhaps helped 
precipitate the collapse of the first cybernetics movement, but this simple 

'J 1 

idea went on to inspire what would eventually become enactivism/ 


9.3.2 Autopoiesis 

As I mentioned earlier, the link between the original cybernetics movement 
and the modern enactivist tradition can be found in the works of the Chilean 
biologist and philosopher Humberto Maturana. Although Maturana was 
only loosely connected to the original cybernetics movement through his col- 

O A 

laborative work with McCulloch and Pitts, “ he took inspiration from Ashby’s 
work in the presentation of his autopoietic theory of cognition. This theory 
proposed that the defining feature of cognition (and life) is what he called 
‘'autopoiesis’, another Greek neologism intended to mean something akin to 
‘self-production’. ^ In the Biology of Cognition, reprinted as part one of 
Autopoiesis and Cognition, Maturana (1970) makes frequent reference to 
homeostasis as essential to the definition of the living organism. Although at 
this point he had not yet coined the term ‘autopoiesis’, the connection 
between the two concepts should be apparent. Maturana’s archetypal 
example of an autopoietic system was a biological cell, which contains all of 
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the information and mechanisms necessary to sustain its own existence, at 
least until it suffers irrevocable damage or otherwise collapses. Likewise, a 
homeostatic system is able to maintain its own structural integrity in 
response to external disturbances. Living organisms, according to Matur- 
ana’s theory, are composed of a hierarchy of autopoietic structures, nested 
within one another. Cognition, at least in Maturana’s earlier work, is seen as 
being continuous with life, and what we call a cognitive system is simply a 
living system of sufficient complexity. 34 


9.3.3 Autonomy 

Maturana’s student and co-author Francisco Varela in turn developed the 
notion of autopoiesis into the enactivist notion of autonomy. The enactivist 
notion of autonomy consists of three aspects: self-determination, organisational/ 
operational closure, and thermodynamic precariousness. As mentioned briefly in 
the first section, these three criteria are intended to be (partially) constitutive of 
life and cognition, and for reasons that I will address in the next section, have 
historically been assumed to rule out computational theories of mind. In the 
remainder of this section I will describe each aspect of autonomy, and how they 
relate to cybernetics and autopoietic theory, in order to elucidate the way in 
which enactivism developed out of ideas originating in the cybernetics 
movement. 

The first element of the enactivist notion of autonomy is self-determina¬ 
tion, which refers to the way in which the behaviour of an autonomous 
system is determined by its own structural dynamics, rather than by external 
instruction or control. We might think here of the distinction between a 
vehicle operated by a driver, behaving only according to their instructions, 
and a living organism, which seems to behave according to its own self-gen¬ 
erated dynamics. However, for Maturana (1987, p. 73) at least, something like 
self-determination is in fact true of all physical systems, insofar as their 
responses to external stimuli are determined according to their own physical 
structure. This becomes less clear in later enactivist writings, which suggest 
that self-determination will only apply to certain kinds of systems, and could 
thus serve as part of a definition of life or cognition. 

The second element has two aspects: organisational closure refers to what 
Thompson (2007, p. 45) describes as ‘the self-referential (circular and recur¬ 
sive) network of relations that defines the system as a unity’ and operational 
closure to "the re-entrant and recurrent dynamics of such a system’. The point 
here is that the causal dynamics which are significant to an autonomous 
system should be seen to return to that system through its environment, 
forming a closed loop. Each unit of Ashby’s homeostat exhibits organisa¬ 
tional/operational closure insofar as the effect it has on the other units returns 
to it via the recursive effect that they in turn have on the original unit. In 
terms of a living organism, we can think of the way that any significant action 
it takes will be one that modifies its environment so as to change the effect 
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that that environment has on the organism itself. Another way of putting this 
is that the sensorimotor dynamics of a living organism form a closed loop 
with its environment, with every action provoking a reaction that produces a 
novel sensory experience. This aspect of autonomy has its roots in Maturana’s 
notion of functional closure, which again can be understood to apply more 
broadly than just to living organisms. 

The final element is thermodynamic precariousness, which refers to the 
status of living organisms as dissipative structures, that is to say, a special 
group of systems that maintain their structural organisation by consuming 
energy from their environment, rather than by simply resting at a point of 
stable thermodynamic equilibrium. 36 This echoes Ashby’s distinction 
between stability and ultrastability, and Maturana’s characterisation of an 
autopoietic (or living) system as one that is able to make use of energy 
from its environment in order to maintain its own structure. According to 
the enactivist definition, an autonomous system must also be thermo¬ 
dynamically precarious, such that it is able to (temporarily) counteract the 
inevitable tendency towards thermodynamic decay. 

These three aspects of the more general autonomy requirement form only 
one part of the enactivist story, but as we will see in the next section it is this 
requirement that seems to speak most clearly against the computational 
characterisation of cognition. I will first demonstrate why these criteria have 
been thought to rule out computationalism, before arguing that there is in 
fact a way of understanding computation which can be made compatible with 
autonomy. 

9.4 Autonomy and computation 

In the previous section we saw how the enactivist notion of autonomy developed 
out of the cybernetic notion of homeostasis. In this final section I will first out¬ 
line the semantic account of computation, which underpins the classical com¬ 
putational theory of mind, before demonstrating why this account of 
computation is incompatible with the enactivist notion of autonomy. Finally, I 
will introduce a more recent mechanistic account of computation, which I will 
suggest could be made compatible with enactivism, and thus could offer one 
route towards a future reconciliation between enactivism and computationalism. 


9.4.1 The semantic account of computation 

The semantic account of computation developed out of work by Putnam and 
Fodor in the early days of cognitive science (see section 9.1). In the context of 
Fodor’s project of ‘naturalising’ folk psychological categories like belief and 
desire, it made sense to think of the computational structure that was meant to 
implement these categories as representing features of the world. The compu¬ 
tational state implementing my belief that the sky is blue is naturally inter¬ 
preted as representing how the world actually is, while the computational state 
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implementing my desire for more coffee is naturally interpreted as representing 
how I want the world to be. Therefore, there seemed to be a natural fit between 
Fodor’s representational theory of mind and the computational theory of 
neural processing that Putnam inherited from the cyberneticists. 

These attributions of representational content are not just natural inter¬ 
pretations, however: according to the semantic account they serve a further 
role in individuating computational states and processes. This only really 
became apparent after a major challenge to the computational theory of mind 
posed (in slightly different forms) by the philosopher John Searle and (ironi¬ 
cally) Putnam himself. Both Searle and Putnam demonstrated that, when 
understood purely syntactically or structurally, almost any physical system 
could be interpreted as performing a wide range of computations, leading to the 
potentially absurd conclusion that everything is a computer. 38 In brief, the pro¬ 
blem is that it is quite simple to describe a relationship between any arbitrary 
configuration of physical states and any (or at least some) computational 
operation, such that those physical states can be interpreted as performing that 
operation. If everything computes in this sense, then it is no longer especially 
interesting to say that any particular thing computes, thus rendering the compu¬ 
tational theory of mind somewhat trivial. 39 

There are many ways of responding to this challenge, more than I have space to 
describe here, but one particularly popular response is to add an additional 
‘■semantic’ criterion to computation. 40 According to tins criterion, instantiating a 
computation requires not only the correct physical structure, but also that this 
structure represents the world in the correct manner. Again, the details of this 
account can be spelled out in several different ways, but the key point is that it is 
committed to the idea that physical computations should be considered intrinsi¬ 
cally ‘meaningful’, because they in some sense represent features of the external 
world. It is precisely this idea of intrinsic representational content that the enactivist 
tradition rejects, as they think that it threatens the autonomy of the cognitive 
system. To say that a system represents its environment implies (for the enactivist) a 
‘correct’ way in which this environment ought to be represented, requiring an 
intentional agency outside of the system in order to establish these representational 
norms. In the case of artificial computers, designed and created by human agency, 
this need not pose any problem, as these systems can be seen as representing their 
environments in virtue of how we have chosen to build them (their representational 
status is in this sense ‘parasitic’ on our own intentional capacities). However, the 
representational (or semantic) account of computation becomes more problematic 
when applied to biological systems, which do not typically have a ‘designer’ in the 
same sense that an artificial computer does. 41 Enactivists have therefore historically 
assumed that cognition cannot be computational, on the basis that computation 
must be representational and cognition (according to the autonomy requirement) 
cannot be. In the next section I will describe the enactivist rejection of computation 
in slightly more detail, before finally suggesting that contemporary ‘mechanistic’ 
accounts of computation, which are not necessarily representational, could in 
principle be made compatible with enactivism and the autonomy requirement. 
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9.4.2 The enactivist rejection of computation 

In order to understand the enactivist rejection of computationalism, it is impor¬ 
tant to recognise that enactivism has taken for granted a semantic or repre¬ 
sentational account of computation, as described above. According to Varela, 
Thompson and Rosch’s original presentation of enactivism, computations are 
thought to be intrinsically representational, and thus incompatible with the 
autonomy requirement. 42 Due to their representational status, computational 
systems are seen as being dependent on an external, ‘pre-given' world, while 
autonomous systems do not represent an external world, and are instead able to 
‘enact a world as a domain of distinctions that is inseparable from the structure 
embodied by the cognitive system’. 4 ' The key point here is that for an autono¬ 
mous system, the world is only meaningful insofar as that meaning is generated 
by the system’s interaction with its environment. In contrast, a heteronomous 
system, such as a semantically defined computer, is only able to pick up on 
meaning that already exists in the world. As the latter is incompatible with the 
enactivist theory of mind, they reject the semantic characterisation of cognition, 
and thus also the computational characterisation of cognition (insofar as com¬ 
putation is understood to be a semantic phenomenon). 

Each aspect of the autonomy requirement also seems to speak against the 
possibility of a computational theory of mind. Computers, at least as they are 
classically understood, respond to semantically or informationally rich 
instructions, and are therefore not self-determined. They also receive discrete 
inputs and outputs, which may bear no direct relation to one another, and are 
therefore not organisationally or operationally closed. Finally, they typically 
rely on external maintenance in order to retain structural stability, and are 
therefore not thermodynamically precarious or homeostatically ultrastable. 
All three aspects of the autonomy requirement seem, for the enactivists, to 
speak against computational characterisations of living or cognitive systems. 44 


9.4.3 The mechanistic account of computation 

While it seems clear that computation, according to the semantic account, is 
incompatible with the autonomy requirement and the more general enactivist 
theory of mind, this incompatibility does not seem so obvious for more recent 
‘mechanistic’ accounts of computation. These mechanistic accounts have been 
defended most comprehensively by the philosopher Gualtiero Piccinini, 
whose work I focus on here. 45 

According to Piccinini’s mechanistic account of computation, a physical 
computer is a mechanism whose function is to perform systematic transfor¬ 
mations over medium independent variables. 46 Note that this definition makes 
no reference to any form of semantic or representational content, and yet it is 
nonetheless able to distinguish computational from non-computational systems, 
thus avoiding triviality or pancomputationalism. The account therefore seems 
prima facie compatible with the enactivist autonomy requirement, as it avoids the 
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semantic characterisation that enactivism was primarily opposed to. It also seems 
compatible with each aspect of autonomy, although some minor modifications to 
Piccinini’s account may be required. A computing mechanism is self-determined 
insofar as its responses to external disturbances are determined solely by its own 
physical structure, with no reference to external instruction or control. 47 It can be 
organisationally/operationally closed if it is arranged in such a way that the effect it 
has on the world loops back through the environment to impact its sensory sur¬ 
faces. 48 Finally, it can be thermodynamically precarious if it is designed such that 
it can seek out a suitable source of energy and harness this energy in order to 
maintain its own structural integrity. 49 It is important to note that the latter two 
aspects will only be true of a certain special class of computing mechanism. The 
claim here is not that all computing mechanisms are autonomous systems, but 
rather that some computing mechanisms could be, and therefore that there is no 
in-principle reason why cognition could not be characterised as both computa¬ 
tional (in the mechanistic sense) and also autonomous/enactive. A computational 
characterisation of neural processing is therefore not necessarily incompatible with 
an enactivist theory of mind, potentially healing the rift that entered cognitive 
science after the collapse of the original cybernetics movement. 

Conclusion 

By tracing the shared origins of enactivism and computationalism in the cyber¬ 
netics movement of the 1940s and 1950s, I hope to have demonstrated that these 
two approaches to cognitive science need not be seen as inevitably opposed to 
one another, and could even fruitfully combine their efforts in future cognitive 
scientific research. There is much more work that needs to be done before this 
combined approach becomes a reality, but already we are seeing the resurgence 
of research in cognitive science that takes inspiration from both traditions. The 
emerging ‘free energy minimisation’ framework provides an example of a cog¬ 
nitive scientific theory that appeals explicitly to the original cybernetics, com¬ 
bining homeostatic mechanisms with a form of (possibly non-semantic) 
computational processing. 50 Recent work by Matteo Colombo and Cory Wright 
takes a historical approach to this framework, as does the introductory chapter 
to an edited volume on its philosophical implications. 51 I am hopeful that this 
trend will continue in the future, and that an integrated approach to the History 
and Philosophy of Science will be able to provide insights into contemporary 
cognitive scientific issues and debates. 52 

Notes 

1 Examples of anti-computationalist enactivists include Francisco Varela et al., 
(1991); Evan Thompson (2007); and Daniel Hutto and Eric Myin (2012). 

2 Computationalism in philosophy of mind is the view that the mind (or brain) is a 
computer, and that mental states and processes are computational states and pro¬ 
cesses. Enactivism refers to a family of views that have historically rejected the 
computational characterisation of cognition in favour of the idea that mental 



Cybernetics, enactivism & computationalism 181 

activity arises out of the interaction between brain, body, and world. Both 
approaches are described in more detail in the next section. 

3 Autopoietic theory emphasises the biological nature of cognition, and was a pre¬ 
cursor to enactivism. It is described in more detail in section 9.3.2. 

4 For a philosophical overview of computational approaches to cognitive science, see 
The Routledge Handbook of the Computational Mind , ed. Mark Sprevak and 
Matteo Colombo (2018). For a recent defence of the progressiveness of this 
research programme, see Marcin Milkowski (2018). 

5 Milkowski (2018). 

6 Michael Rescorla, n.d. 

7 Dave Ward, et al. (2017) (section 9.3). 

8 Hilary Putnam (1967). See also Rescorla, n.d. section 3.1. 

9 For an introduction to computational neuroscience, see Thomas P. Trappenberg 
(2009). For an overview of recent debates about neurocognitive ontologies, see 
Michael Anderson (2015). 

10 See Sprevak and Colombo (2018) for extensive further discussion of these issues. 

11 I have previously developed versions of this argument in collaboration with Mario 
Villalobos, most comprehensively in Mario Villalobos and Joe Dewhurst (2017a). 

12 Villalobos and Dewhurst (2017a) , section 2. 

13 There was a parallel development of a distinctive ‘British’ cybernetics that 1 will 
not discuss in any detail here, aside from mentioning Ashby’s work on homeostasis. 
For a more detailed discussion of British cybernetics, see Andrew Pickering (2010); 
for an analysis of the relationship between the British cyberneticists and compu¬ 
tational theories of mind, see Joe Dewhurst (2018). 

14 Norbert Wiener (1948). 

15 Arturo Rosenblueth, Norbert Wiener, and Julian Bigelow (1943). 

16 For an overview of the conferences, including a full list of speakers and attendees, 
see Steve J. Heims (1993). 

17 The conferences were officially titled as follows: First conference; ‘Feedback 
Mechanisms and Circular Causal Systems in Biological and Social Systems’, 
second and third conferences: ‘Teleological Mechanisms and Circular Causal Sys¬ 
tems’, fourth, fifth, and sixth conferences: ‘Circular Causal and Feedback 
Mechanisms in Biological and Social Systems’, seventh and all subsequent con¬ 
ferences; ‘Cybernetics: Circular Causal and Feedback Mechanisms in Biological 
and Social Systems’. 

18 For further discussion see Tara Abraham (2018). 

19 This is an oversimplification, but should suffice to illustrate the point. For an 
introductory discussion of neural coding, see Rosa Cao (2018). 

20 This idea also has an important ‘pre-history’, described by Alistair Isaac (2018). 
For further discussion see Gualtiero Piccinini (2004). 

21 The so-called ‘von Neumann architecture’ is first described in John von Neumann 
(1945). For further discussion see William Aspray (1990). 

22 This suggestion anticipates the development of connectionism and artificial neural 
networks, some three decades later. 

23 Whilst McCulloch and Pitts developed their account of neural computation inde¬ 
pendently of Shannon’s theory of information, the latter certainly had an influence 
on the cybernetics movement as a whole. For a discussion of the complex rela¬ 
tionship between computation and information in cybernetics and beyond, see 
Gualtiero Piccinini and Andrea Scarantino (2010). For Shannon’s original theory 
of information, see Claude Shannon (1948). For an argument that Shannon’s 
information is in fact semantic, see Alistair Isaac (2019). 

24 Dupuy (2009), p. 45. 

25 W. Grey Walter (1950). Walter’s robots are discussed in more detail by Dewhurst 
(2018, sec. 3), and by Owen Holland (2003). 
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26 This is not to say that there can be no such thing as an artificial homeostat, such 
as Ashby’s own creations, or a virtual simulation of homeostasis, but rather that all 
such systems are comparable to a biological organism in ways that an abstract 
computer program is not. 

27 For a notable exception, see Margaret Boden (2006), especially chapter 4. 

28 See for example Tom Froese (2010, 2011). 

29 Ashby (1960), chapter 7. 

30 W. Ross Ashby (1948); cf. Boden (2006), p. 230. 

31 Boden (2006), pp. 232-235; Dupuy (2009), p.150. 

32 Jerome Lettvin et al. (1959). Maturana was also associated with the ‘second-order 
cybernetics’ discussed by Froese (2010, 2011). 

33 Humberto Maturana and Francisco Varela (1980), p. 16. 

34 Maturana and Varela (1980), p. 13. 

35 Humberto Maturana (1975); Mario Villalobos (2015). 

36 Mario Villalobos (2016). 

37 Ezequiel di Paolo and Evan Thompson (2014), p. 72, 

38 John Searle (1992); Hilary Putnam (1988). For an overview of these arguments, see 
Gualtiero Piccinini (2015), chapter 4. 

39 It is worth noting that some philosophers have simply accepted this apparently 
absurd conclusion, while maintaining that a computational description of this sort 
might still be interesting or useful. See for example Paul Schweizer (2014). 

40 For an overview of semantic accounts of computation, see Piccinini (2015), chapter 3. 

41 It is not unusual to hear people speaking of evolution or natural selection as the 
‘designer’ of biological systems, but in most cases this way of speaking is clearly 
metaphorical, or at least distinctly non-intentional. 

42 Varela, Thompson, and Rosch (1991), pp. 140-141. 

43 Varela, Thompson, and Rosch (1991), pp. 135-140. 

44 Villalobos and Dewhurst (2017a), section 2. 

45 The arguments in this section summarise recent work that is developed in more 
detail in Villalobos and Dewhurst (2017a, 2017b); and Joe Dewhurst and Mario 
Villalobos, (2017). 

46 Piccinini (2015), chapter 7. 

47 Villalobos and Dewhurst (2017a), section 6. 

48 Villalobos and Dewhurst (2017a), section 5. 

49 Villalobos and Dewhurst (2017a), section 7. 

50 Karl Friston (2013); Anil Seth (2015). For an analysis of the representational 
status of this framework, see Krzysztof Dolega (2017). 

51 Matteo Colombo and Cory Wright (2018); Wanja Wiese and Thomas Metzinger 
(2017). 

52 Dupuy, Boden, and Froese each develop such an approach, as do several of the 
chapters in the first section of Sprevak and Colombo (2018). 
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10 Towards a mutually beneficial 

integration of History and Philosophy 
of Science 

The case of Jean Perrin 

Klodian Coko 


Introduction 

Since the 1960s, there have been many efforts to defend the relevance of History 
of Science to Philosophy of Science, and vice versa. For the most part, these 
efforts have been limited to providing an abstract rationale for a closer integra¬ 
tion between the two fields, as opposed to showing: (a) how such an integrated 
work is to be produced concretely, and (b) how an integrated approach can lead 
us to a better understanding of past and/or current science. 1 In this chapter, I 
argue that the most promising way to integrate the history and philosophy of 
science is the historicist-hermeneutic approach. I will present the main features 
of the historicist-hermeneutic approach, and will show, concretely, how it can 
provide a mutually beneficial integration of the History of Science and the Phi¬ 
losophy of Science. More specifically, I will employ the historicist-hermeneutic 
approach to elucidate one of the most problematic historical case studies in 
philosophy of science: namely, Jean Perrin's argument for molecular reality, 
which he formulated at the beginning of the twentieth century. 

Jean Baptiste Perrin (1870-1942) was a French physicist who is widely 
credited by historians of science with providing a conclusive argument for the 
existence of atoms and molecules.*" Perrin’s argument ended the debates that 
took place during the long nineteenth century over the existence of these 
unobservable entities. The most famous part of Perrin’s argument was his 
description of thirteen different ways to determine Avogadro’s number (AO: 
the number of atoms, ions, and molecules contained in a gram-atom, gram- 
ion, and gram-mole of a substance, respectively. The different determinations 
included Perrin’s own three, which were based on the experimental study of 
the height distribution, mean displacement, and mean rotation of Brownian 
particles. 4 For his experimental work in proving the discontinuous structure of 
matter, Perrin was awarded the Nobel Prize in Physics in 1926. 

As well as being of interest to historians of science, Perrin’s argument has 
also been the focus of much interest from philosophers of science. We can 
discern two, relatively independent, philosophical treatments of Perrin’s argu¬ 
ment. On the one hand, Perrin's argument is often presented as a case of 
multiple determination. Multiple determination is the epistemic strategy of 
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using multiple, independent procedures to establish the same result.^ It is 
widely regarded as a very important strategy by both working scientists and 
philosophers of science. 6 One contrived example that is used to illustrate the 
multiple determination strategy is that of independent witnesses: if several 
witnesses testify that an event occurred, and we can be certain that the wit¬ 
nesses’ testimonies are independent, we can safely conclude that the event did 
occur. It would be an improbable coincidence for multiple witnesses, inde¬ 
pendently of one another, to fabricate exactly the same story. In the context of 
discussing the merits of multiple determination, Perrin’s argument is pre¬ 
sented as the paradigmatic case demonstrating the epistemic force of the 
strategy. When it comes to providing the specific grounds underlying Perrin’s 
argument, however, not much is said besides - what we may call - the blunt 
rationale of multiple determination: namely, that it would have been a highly 
improbable coincidence for thirteen independent procedures to point at the 
same value for the number of molecules contained in a unit of substance, and 
yet for there not to be any such things as molecules. Not much analysis is 
provided regarding the role that multiple determination played in Perrin’s 
experimental work and in convincing the scientific community. What makes 
matters more perplexing is that philosophers who have looked more closely at 
Perrin’s argument have reached different (and often contradictory) conclu¬ 
sions, not only regarding the structure of Perrin’s argument, but also regard- 
ing the role that the multiple determination of N played in it. 

Perrin’s efforts were influenced by the late nineteenth-century recognition that 
an experiment in physics, in general, and the experimental investigation of 
unobservable entities in particular, required the use of complex instruments, 
experimental procedures, and the employment of theoretical and experimental 
auxiliary assumptions. Lacking direct observable evidence for the existence of 
atoms and molecules, Perrin’s efforts were concentrated on what he considered to 
be the next best thing: the determination of the various magnitudes (mostly size 
and velocity) of the (hypothetical) molecules via independently theoretically- 
dependent routes. 8 The extremely remarkable agreement on the numerical values 
for the molecular magnitudes calculated by independently theoretically-depen- 
dent determinations gave rise to a strong no-coincidence argument, which was 
used to argue both for the correctness of the values determined, and the validity 
of the theoretical and experimental auxiliary assumptions underlying the differ¬ 
ent determinations. 9 The argument’s structure, however, was more complex than 
the one encountered in the blunt rationale. There were structural elements of 
Perrin’s argument which, although neglected in the various philosophical 
accounts, were responsible for its strength and, ultimately, for its success. 

I argue that the integration of historical and philosophical perspectives pro¬ 
vided by the historicist-hermeneutic approach is necessary for understanding 
the structure of Perrin’s argument. This approach will also allow a conceptual 
framework to be developed that will allow us to understand the structure and 
the epistemic force of the multiple determination strategy. By following the 
historicist-hermeneutic approach, I emphasise both the historical context and 



188 Klodian Coko 


the temporal development of Perrin’s argument (as opposed to only looking at 
its final and finished form). I locate the main elements responsible for the 
argument’s success. I argue that Perrin’s argument was the result of his clear 
understanding of the philosophical and scientific challenges facing the empiri¬ 
cal verification of claims regarding the existence of unobservable entities such 
as atoms and molecules at the beginning of the twentieth century. 

The chapter is structured as follows. In section 10.1, I present some tradi¬ 
tional approaches to HPS, which could be used to explore the Perrin case, and 
I indicate their shortcomings. 10 In the following sections, I employ the histori- 
cist hermeneutic approach to elucidate the reasoning underlying Perrin’s work 
on Brownian movement and his argument for molecular reality demonstrating 
some of the advantages of this approach. In section 10.2, I present Perrin’s 
early views on scientific methodology, which were very influential in shaping 
his experimental reasoning. In sections 10.3 and 10.4, I describe Perrin’s early 
experimental work on the phenomenon of Brownian Movement. In section 
10.5, I present the importance of this experimental work for his argument for 
molecular reality. In section 10.6, I show the epistemic import of the indepen¬ 
dent determinations of Avogadro’s Number. In section 10.7, I present Perrin’s 
later experimental work on Brownian movement and its importance for his 
argument for molecular reality. I conclude with some thoughts regarding the 
necessity of the historicist-hermeneutic approach for understanding the struc¬ 
ture and epistemic import of the multiple determination strategy. 11 

10.1 Jean Perrin and traditional approaches to HPS 

Perrin’s argument for atomism was successful in ending nearly one hundred 
years of debates over the existence of unobservable atoms and molecules. It is 
not a surprise that it has been the focus of much philosophical interest. We 
can discern two, relatively independent, philosophical treatments. Firstly, 
Perrin’s argument is often presented as a case of multiple determination. 
Philosophers of science who claim that the ability to establish the same result 
by means of independent procedures is an important epistemic strategy often 

IT 

refer to Perrin and to his thirteen determinations of Avogadro’s number. 
These philosophers claim that Perrin’s reasoning was a no-coincidence argu¬ 
ment. Namely, it would have been an improbable coincidence for thirteen 
different determination procedures to arrive at the same value for the number 
of molecules contained in a unit of substance, and for entities such as mole¬ 
cules not to exist. Other than the offering of this rationale, however, not much 
analysis is devoted to the actual role that the multiple determination of N 
played in Perrin’s experimental work. 

Secondly, Perrin’s argument has been the subject of detailed case-studies by 
other philosophers of science. The proclaimed goal of these case-studies is to 
provide the exact reasoning behind Perrin’s argument for molecular reality. 
The philosophers who have used Perrin’s argument as a case-study have tried 
to appropriate it for their own purposes. Unsurprisingly, these philosophers 
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have arrived at different, and often contradictory, conclusions, not only 
regarding the reasoning behind Perrin’s argument, but also the role that the 
multiple determination of N played in it. For example, Perrin’s argument has 
been interpreted as an ‘inference to the best explanation’ by Gilbert Harman 
(1965, p. 89). Clark Glymour (1975, p. 403), on the other hand, regarded 
Perrin’s case as an instance of his account of ‘bootstrapping confirmation’. 
Wesley Salmon (1984, pp. 213-226) claimed that Perrin’s argument has the 
structure of a ‘conjunctive common cause argument’. Nancy Cartwright 
(1983, p. 83), building on Salmon's ‘common cause’ interpretation, has argued 
that Perrin made an ‘inference to the most probable cause’. Cartwright’s 
interpretation was in turn challenged by Deborah Mayo. For Mayo (1986), 
Perrin’s argument constituted a ‘severe testing’ for the molecular explanation 
of the phenomenon of Brownian movement. Peter Achinstein (2001, pp. 243- 
265) has claimed that his account of evidence offers the best interpretation of 
Perrin’s reasoning. Achinstein’s interpretation has been criticised by Stathis 
Psillos (2011) who argues that Perrin used Bayesian reasoning to provide a 
crucial experiment for the reality of atoms. Bas van Fraassen (2009) has 
argued that Perrin did not intend to, and thus did not establish, the real 
existence of atoms and molecules. He only provided ‘empirical grounding’ for 
one of the most important parameters of the kinetic theory: Avogadro’s 
Number. Robert Hudson (2013, pp. 103-138) has claimed that Perrin’s was 
not a case of multiple determination (or ‘robustness’, as he calls it), but a case 
of reliable process reasoning. 

We are thus left with a number of different interpretations of both Perrin’s 
reasoning for molecular reality and the role that the multiple determination 
of N played in it. It is not difficult to locate the source of the problem: all 
the above interpretations belong to a flawed way of integrating History and 
Philosophy of Science, namely what I call the illustrative model of HPS. 
Attention now will be turned to considering the weaknesses of this approach 
and other efforts to integrate the History of Science and the Philosophy of 
Science. 

10.1.1 The illustrative model of HPS 

All the interpretations of Perrin’s argument mentioned above belong to the 
illustrative use of history (or ‘illustrative model of HPS’). The illustrative 
model of HPS is explained in the following way: philosophers of science have 
pre-established conceptions - regarding, for instance, the nature of scientific 
explanation, the nature of the relationship between theory and evidence, the 
nature of theory - and they often use the historical material to illustrate or 
offer support for these pre-established conceptions. There is, therefore, the 
danger that philosophers might have misunderstood, or even intentionally 
distorted, the argumentative reasoning of the scientists they study. The fol¬ 
lowing quote from Ernan McMullin (1970, p. 18) identifies the major short¬ 
comings and pitfalls of the illustrative approach: 
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It makes use of the great scientists of the past as lay figures in what seems 
to be a historical analysis but really is not. They are manipulated to make 
a philosophical point which, however valid it may be in itself, was really 
not theirs, or at least is not really shown using the proper methods of the 
historian to have been theirs. 

There have been several attempts to deal with the problems of the illus¬ 
trative approach. In the next two subsections, I describe the two most influ¬ 
ential approaches. 


10.1.2 The confrontation model of HPS (the VPI programme) 

One way to deal with the problems generated by the illustrative model of HPS 
is the so-called ‘confrontation model of HPS’. ~ This approach was supported 
by philosopher of science Larry Laudan and his group at the Virginia Poly¬ 
technic Institute in the 1980s. 14 Their proposal was that instead of letting 
philosophical pre-conceptions influence the interpretations of historical facts, 
we should use the historical material to test philosophical theses, more or less 
in the same way that scientists use empirical evidence to test theoretical 
hypotheses. Although it was in fashion during the 1980s, this approach is now 
considered outdated. 


10.1.3 The methodology of historiographical research programmes 

Another way to address the problems with the illustrative use of history was 
proposed by philosopher of science Imre Lakatos (1970) and was put to frui¬ 
tion by his disciples. This approach is known as the ‘Methodology of Histor¬ 
iographical Research Programmes’. It suggests scholars: (a) embrace the fact 
that historical material is always influenced by philosophical interpretations, 
(b) try to impose different philosophical interpretations on the historical 
material (a process known as ‘rational reconstruction’), and (c) choose the 
philosophical interpretation which offers the most consistent account of the 
historical material. Although popular in the late 1970s and the 1980s, this 
approach was also eventually abandoned. 

One can easily find in the literature a compendium of the problems with 
each one of these three approaches to HPS, as well as analyses of why they 
all lead straight to ‘disaster’. 15 I will only mention what I think is the 
greatest weakness which they all have in common: the fact that there is 
nothing historical about them. The philosophical conceptions that are illu¬ 
strated, tested, or used to rationally reconstruct the historical material, are 
presented as fixed and eternal, and as being applicable to all times and all 
places, rather than to a specific historical context. Therefore, these approa¬ 
ches fail to pay attention both to the historical context and to the historical 
development of knowledge. 
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10.1.4 The historicist-hermeneutic approach to iHPS 

A more promising way to integrate historical and philosophical accounts of 
scientific practice is the ‘Historicist-Hermeneutic Approach to iHPS’. 16 
Aspects of this approach have been supported by various scholars during the 
second half of the twentieth century. 17 As its name indicates, this approach 
has two main parts: historicism and hermeneutics. The term ‘historicism’ has 
been used in many ways in the history of philosophy. In this context, it refers 
strictly to the very simple and intuitive, and yet often neglected, idea that the 
best way to understand something is to know how it came about. Philosopher 
of science Dudley Shapere (1977, p. 496) concisely described the historicist 
approach for understanding science: 

The question of why science today believes the peculiar things it does 
about the universe, and why it is willing to consider the alternatives it 
does, requires attention to the question of how science has come to think 
in those ways. 

For Shapere, science is a self-sustainable and self-generating enterprise that 
has an intrinsically temporal dimension. If the philosopher’s duty is to 
understand science, paying attention to this temporal dimension is essential. 
It is not enough to consider a ‘slice’ of scientific work at a moment in time. 

The ‘hermeneutic’ part of the approach can also be understood by using 
another of Shapere’s (1984, p. 185) dictums: ‘We learn how to learn as we 
learn’. This dictum also reflects the idea that science is a self-transforming 
enterprise with no concepts and methodological precepts that are applicable 
to all times and all places. Supporters of the historicist-hermeneutic approach 
argue that this dictum applies also at the meta-level: to the philosophical 
efforts for understanding science. We are continuously bettering our philoso¬ 
phical understanding of science as we study science. 

According to the historicist-hermeneutic approach, History of Science and 
Philosophy of Science are not separate endeavours, but activities that are 
already closely intertwined. The use of philosophical notions, tools, and con¬ 
cepts such as theory, experiment, evidence, hypothesis, confirmation, multiple 
determination , and so on, are necessary for understanding even a single epi¬ 
sode in the history of science (this is the case even if this use of philosophy 
may go unnoticed to the historians themselves). The insight offered by the 
historicist-hermeneutic approach is that we can use this necessary intertwine- 
ment for the improvement of both philosophy of science and history of sci¬ 
ence. For instance, we can improve our understanding of philosophical 
notions such as the ones mentioned above, by studying concrete historical 
episodes where such notions are employed, and by studying their historical 
development through time. We can then use these improved and more precise 
philosophical notions to achieve a better understanding of other concrete 
episodes from past and/or present science, and then use these conclusions to 
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achieve further elaboration and refinement of the said philosophical notions 
and their historical development, and so forth. 18 

In the rest of the chapter, I will use the historicist-hermeneutic approach to 
understand the reasoning behind Perrin’s argument for molecular reality, 
which, as we saw earlier in this section, is one of the most problematic his¬ 
torical case studies in the philosophy of science. In doing so, I will shed light 
on the Perrin case and demonstrate both the use of, and the advantages of 
this approach. My approach is historicist because I will argue for the impor¬ 
tance of the temporal development of Perrin’s thought for understanding the 
reasoning underlying his argument, and especially for understanding the role 
that the independent determinations of N played in it. I argue, one important 
reason various philosophers have arrived at such different assessments of 
Perrin’s argument is because their accounts are based on the final versions of 
Perrin’s argument. Almost all the philosophical interpretations of Perrin’s 
argument mentioned above are based on the English translations of Perrin’s 
influential 1909 paper ‘Brownian Movement and Molecular Reality’ and, in 
addition, his 1913 book The Atoms. 19 From these accounts, philosophers 
cherry-pick the elements of Perrin's argument that are most beneficial to their 
philosophical positions, and disregard the elements that do not fit. In con¬ 
trast, my approach is hermeneutic because I do not have, as a starting point, 
some preconceived philosophical position, which I will try to illustrate, test, 
or use to rationally reconstruct the historical material. My starting point is 
the blunt rationale for multiple determination, which, in the end, will be fur¬ 
ther clarified and elucidated by its ‘friction’ with the historical material. 

10.2 Perrin’s early methodological views 

Jean Baptiste Perrin was born in Lille, on September 30, 1870. He was raised 
in Lyon, where he also received his early education. He moved to Paris to 
enter a class of special mathematics at the lycee Janson de Sailly. Studying 

r r 

under Emile Lacour, young Perrin was encouraged to prepare for the Ecole 
Normale Superieure. He entered the prestigious Parisian school in 1891. He 
was immediately attracted to experimental physics and studied under Marcel 
Brillouin, one of the few French scholars who supported the kinetic theory of 
gases at the time. In 1895, after refusing a teaching position in secondary 

r 

education, Perrin was appointed agrege-preparateur at the Ecole Normale. At 
the same time, he began his experimental work, first on cathode, and then on 
Rontgen rays. This early experimental work aimed to provide experimental 
evidence for the existence of atoms.*" 

Perrin’s earliest thoughts on scientific methodology can be found in his 
book Traite de Chimie Physique: Les Principes, published in 1903. 21 From the 
book’s general approach it is clear that, for Perrin, what was at stake in the 
contemporary atomic debates was not simply the question of whether there 
was enough evidence to warrant belief in the existence of atoms and mole¬ 
cules, but even more fundamentally, whether it was necessary for physical 
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science to postulate the existence of such unobservable entities, and what 
could count as confirmatory evidence for their existence. 

In the book’s preface, Perrin discussed the two fundamental methods of 
physical science. The first is the inductive method, which is characterised by a 
sure and slow march, from the recording of particular empirical facts, to the 
formulation of general principles. It is a method characterised by the defiance 
of all mystery and metaphysics and the disdain for everything that cannot be 
reduced to perceivable empirical facts. -- Opposite the inductive method 
stands the deductive method, which mostly provides ‘explanations of the 
visible by the invisible’. More specifically, the deductive method ‘consists in 
imagining for matter a structure the direct perception of which still escapes 
our imperfect senses, and such that its knowledge would allow to deductively 
predict the visible properties of the universe.’ ~ Contrary to the prevailing 
philosophical atmosphere of the fin de siecle in France, Perrin argued that, 
rather than being incompatible, the two methods could be fruitfully combined 
to investigate the properties of matter which escaped empirical detection. This 
could be achieved without abandoning the inductive principle that physical 
science is fundamentally based on empirical facts, and without retreating into 
metaphysics. One simply had to accept the intuitive idea that what is empiri¬ 
cally detectable is not limited to what is currently detectable, but that it could 
be extended with the development of new methods and the invention of more 
advanced scientific instruments. For Perrin, the atomic-molecular hypotheses 
had proved their fruitfulness and legitimacy by being able to deductively 
predict a variety of facts, which were then empirically confirmed. What was 
still needed was direct empirical observation, which would transform these 
hypotheses into a confirmed reality. 

Les Principes was a textbook aiming to present the fundamental principles 
of physical chemistry. It did not do much for expounding the existing evi¬ 
dence in favour of the molecular hypothesis. In an article he had published in 
1901 in the Revue Scientifique - which was addressed to a wider audience - 
Perrin had presented this evidence in a detailed manner and had explained 
the nature of the support it provided for the molecular hypothesis. 24 Most of 
the evidential support came from the molecular hypotheses made in the con- 
text of the kinetic theory of gases. - These hypotheses not only offered expla¬ 
nations for the visible properties of gases and liquids, but also offered 
numerical approximations for various molecular magnitudes such as the 
velocity and the diameter of molecules, and Avogadro’s number (TV). Perrin 
recognised that, in itself, this was not a strong argument for the existence of 
molecules, or for the validity of the molecular values calculated. - There was 
nothing remarkable about the ability of the molecular hypotheses made in the 
context of the kinetic theory of gases to explain known facts or provide the¬ 
oretical values for the molecular magnitudes: these hypotheses were con¬ 
structed in the first place exactly in order to explain and accommodate the 
observable facts. The importance of these first numerical approximations was 
that they could be compared with values for the same magnitudes derived 
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independently from the investigation of other phenomena. The atomic che¬ 
mical theory, for example, was another hypothesis which was invoked to 
explain the empirical evidence from the chemical combination of substances. 
The explanations of the phenomena of electrolysis and of the newly dis¬ 
covered phenomena of cathode and X-rays had also given rise to yet other 
hypotheses regarding the discontinuous structure of matter - although at a 
level deeper than that of molecules. If one could derive similar values for the 
molecular magnitudes from the consideration of such diverse phenomena, 
then one could put forward a very strong argument for molecular reality, 
which was the next best thing in light of the lack of direct empirical 
observation . 

10.3 The phenomenon of Brownian movement and the qualitative 
triangulation of molecular reality: the molecular hypothesis as a logical 
induction 

Beginning in 1901, Perrin became fully acquainted with the phenomenon of 
Brownian movement: the incessant and completely irregular movement of 
microscopic particles when suspended in liquids. 28 Although it was known for 
the most part of the nineteenth century, it was only during the 1870s that the 
importance of the phenomenon for the kinetic-molecular hypothesis was 
recognised. 29 Perrin’s main source on the topic was the work of the French 
physicist Leon Gouy (1895) who, by the end of the nineteenth century, had 
experimentally established the basic properties of the phenomenon and had 
demonstrated its independence from all imaginable external influences. 

From his earliest writings on the topic, Perrin argued that the phenomenon 
of Brownian movement offered a different kind of evidence for molecular 
reality from the a priori considerations made in the kinetic theory of gases. 30 
Whereas in the kinetic theory one postulated ci priori a hypothetical molecular 
structure for matter from which to deduce the observable facts, the phenom¬ 
enon of Brownian movement moved in the opposite direction: it provided 
directly observable evidence that could be used to inductively infer a mole- 
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cular structure for matter. It provided, what Perrin calls, a logical induction. 

In sum, Perrin’s argument was the following: the basic characteristics of 
Brownian movement, as established by Gouy and other nineteenth-century 
investigators included the fact that it never stopped, complete irregularity, 
dependence on the size of the suspended particles, dependence on the tem¬ 
perature of the suspending liquid, independence from the nature of the parti¬ 
cles, and independence from any external influences. These characteristics led 
naturally to the conclusion that the phenomenon was caused by the internal 
movements of the liquid itself. There is, therefore, a continuous movement of 
the internal parts of the liquid. The distribution of motion in a fluid does not 
de-coordinate indefinitely. Therefore, the liquid ought to be composed of 
elastic granules which are in permanent motion. If such granules have no 
existence, it is not apparent why there is a limit to the de-coordination of 
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motion, and how a phenomenon such as that of Brownian movement is pos¬ 
sible. For Perrin, the empirical examination of Brownian movement alone, 
independently of any kinetic considerations, was sufficient to logically suggest 
that every fluid is composed of elastic granules, animated by a perpetual 
motion. “ Perrin concluded: 

Now, we only need to call these granules molecules, to recognize an old 
hypothesis, glimpsed by the intuition of Epicurus and Lucretius, revived 
and clarified by Bernoulli, and developed by Clausius and Maxwell. Only 
that, this hypothesis is no longer in our eyes a priori : it ranks as a logical 
induction, inspired from the observation of phenomena, in the same way 
that, for example, the undulatory theory of light is inspired, but not 
imposed, by the known properties of light. 

The phenomenon of Brownian movement thus provided an inductive 
argument for the existence of unobservable molecules, independent from the 
deductive argument provided by the kinetic theory of gases. The logical 
induction fell short of establishing the kinetic-molecular explanation of 
Brownian movement, because it did not prove that the discontinuous parts 
of the liquid causing the phenomenon were the same as the molecules pos¬ 
tulated by the kinetic theory of gases. To establish this identity, what was 
needed was an independent quantitative determination : one would have to use 
the observable properties of Brownian movement to calculate the quantities 
of the magnitudes causing them, and then compare the results with the 
values for the molecular magnitudes provided by the kinetic theory of gases. 
This is exactly the experimental path that Perrin followed, beginning in 
1908. 

10.4 The quantitative triangulation of molecular magnitudes 

Perrin argued that the best way to connect the observable characteristics 
of Brownian movement with the kinetic-molecular movements (suppo¬ 
sedly) causing them, was to consider the suspended particles as giant 
molecules (for example, like molecules of sugar in a solution of sugar 
water). 34 To establish the identity of the granular movements causing the 
Brownian movement with the molecular movements postulated by the 
kinetic theory, one had to triangulate: one had to calculate the kinetic 
energy of a Brownian particle and compare it with the kinetic energy that 
the kinetic theory had deduced for an isolated molecule at the same tem¬ 
perature. The ingenuity of Perrin's experimental approach consisted in 
finding a way to calculate the kinetic energy of a Brownian particle that 
did not require the calculation of its velocity, which, by this time, it was 
realised it was impossible to measure. Perrin developed the hypothesis 
that the Brownian particles of a homogeneous emulsion, because of their 
irregular movements, ought to distribute themselves in the same way as 
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the (hypothetical) air molecules under the influence of gravity. It had been 
known since the eighteenth century that the density of a gas in equilibrium 
decreases with altitude according to an exponential law. 36 Perrin's idea was 
that, if he could establish that the height distribution of Brownian particles 
obeyed the exponential law, he would have confirmed the hypothesis that the 
gas laws extended to Brownian particles and, thus, have in the behaviour of 
the suspended Brownian particles a magnification, in a visible scale, of the 
behaviour of the unobservable (and hypothetical) molecules. In early 1908, 
Perrin conducted his famous height distribution experiments, which established 
that the height distribution of Brownian particles was indeed exponential.' 
Further, Perrin claimed that he could explain this exponential height dis¬ 
tribution in a way that allowed the determination of the osmotic pressure (k) 
of a single Brownian particle. Perrin devised his height distribution equation, 
which allowed the calculation of k, if one could determine: the mass of a 
Brownian particle in a homogeneous emulsion (in), the density of the Brow¬ 
nian particle ( p ), and the ratio of the concentration of Brownian particles at 
two different levels of the emulsion . 


2,3 log^ — j,mgh(^ 1 — ^ (Logarithm to base 10) 


Perrin attempted the experimental determination of the osmotic pressure of 
a Brownian particle, in early 1908 and published his results in the Comptes 
Rendus de I’Academie des Sciences. His aim was to prove ‘that molecular 
agitation is an actual cause, and unique cause, of Brownian movement.’ 38 
Leaving aside the ingenious ways that Perrin invented to circumvent all the 
difficulties that surrounded the experimental calculation of the magnitudes 
appearing in the height distribution equation and, making a long story short, 
he found the osmotic pressure (k) exerted by a Brownian particle to be equal 
to 360.10~ 16 .' 9 Perrin compared the osmotic pressure exerted by n Brownian 
particles with the pressure that, according to the kinetic theory, was exerted 
by n molecules of a gas. This pressure would be equal to ny (with R being 
the constant of perfect gases, T the absolute temperature, and N the number 
of molecules contained in one gram-molecule - which theoretical considera- 
tions from the viscosity of gases placed it around 7.10" ). After making all the 
calculations Perrin found that the pressure exerted by n molecules of a gas 
was equal to /7X343.IO' 16 ; almost equal to the osmotic pressure of n Brownian 
particles, assuming the validity of the value for A. 40 The conclusion of Per¬ 
rin’s first experimental paper from 1908, reads: 


The mean kinetic energy of a colloid granule is therefore equal to that of a 
molecule ... At the same time, the kinetic theory of fluids seems a little 
more fortified, and the molecules a little more tangible. Their number N 
in a gram-mole, deduced from the previous equality, assumed to be cor¬ 
rect, is 6,7.10 23 . 41 
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10.5 The structure and epistemic import of Perrin’s height distribution 
experiments 

In section 10.1, I showed how different philosophers, starting from different 
pre-conceived philosophical positions, have offered different interpretations 
of Perrin’s experimental work. In sections 10.2 to 10.4, by following the 
historicist approach, I placed Perrin’s experiments on the height distribution 
of Brownian particles in their temporal dimension. Having done so, we are 
now able to tackle the important question: What was the structure and 
epistemic import of Perrin’s height distribution experiments? The historicist 
approach shows a number of things about Perrin’s height distribution 
experiments: 

1 They were part of a case of multiple determination (or triangulation), 
and not simply the confirmation of a theoretical prediction made by the 
kinetic theory of gases. Perrin’s experimental work was a continuation of 
his early methodological views. The height distribution experiments 
offered an independent, experimental (or inductive) determination of k 
and, subsequently, of values for other molecular magnitudes which were 
first determined in a deductive manner in the kinetic theory of gases. The 
precise quantitative agreement between the two determinations estab¬ 
lished that the molecules, hypothesised in the kinetic theory of gases, had 
a real existence and that they were identical with the ‘granules’ that, 
based on inductive reasoning from empirical observations, ought to be 
the cause of the phenomenon of Brownian movement. 42 

2 The two determinations of k were theoretically independent. They were 
based on different reasoning processes (inductive vs. deductive), on the 
consideration of different phenomena (Brownian movement vs. viscosity 
of gases) and, most importantly, on theoretically independent auxiliary 
assumptions. 

3 The numerical agreement achieved was very striking, especially if one 
considered the possible numerical values for k that could be the result of 
the height distribution experiments. According to Perrin, the range of 
possible experimental values extended from zero to infinity. 43 

4 Perrin used the agreement between the numerical value for k obtained in 
his height distribution experiments with the value for k theoretically 
deduced in the kinetic theory of gases to argue, not only about the 
validity of the result, but - perhaps even more importantly - about the 
validity of the central theoretical and experimental auxiliary assumptions 
upon which his height distribution experiments were based. 44 The theo¬ 
retical auxiliary assumptions included: the theorem of the equipartition 
of energy (which was central for the claim that Brownian particles 
behaved just like the molecules postulated by the kinetic theory of gases), 
the claim that the laws of perfect gases extended to uniform emulsions 
(with the particles of a uniform dilute emulsion behaving like the 
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molecules of a gas or liquid in equilibrium), the extension of Stokes’ law 
to the order of magnitude of Brownian movement, and the claim that 
molecular movement was the (unique) cause of Brownian movement. The 
numerical concordance was also used to argue about the validity of the 
experimental methods employed to measure the magnitudes that 
appeared in the height distribution equation. These included the methods 
used: to prepare a uniform emulsion with spherical granules of equal 
diameter, to calculate the mass of the granules, and to determine the ratio 
Perrin’s underlying reasoning was that it would be a remarkable coin¬ 
cidence for independent determination procedures to arrive at almost 
identical numerical values for the values of the molecular magnitudes 
measured, and yet for the (theoretical and experimental) auxiliary 
assumptions underlying them to be essentially flawed. 45 This form of 
reasoning is crucial. Because of the large number and the precarious 
nature of the auxiliary assumptions required to determine the magnitudes 
appearing in the height distribution equation, no theoretical or experi¬ 
mental determination, by itself, could ever be sufficient to establish both 
the validity of the result and the validity of the determination procedure. 
Only the strong no-coincidence argument that emerged when indepen¬ 
dently theoretically-dependent procedures converged on the same value 
for k, could be used to argue both for the validity of the result and the 
validity of the determination procedures. 

5 Perrin thought that one important feature of the height distribution 
experiments, which distinguished it from other efforts of determining the 
molecular magnitudes, was that they allowed an unlimited precision in 
determining the values for k and TV . 46 As Perrin would often repeat in his 
writings, providing a precise value for TV from the height distribution 
experiments was simply a question of conducting very careful experi¬ 
ments and making precise calculations of the magnitudes appearing in 
the height distribution equation. 47 

10.6 The epistemic import of the independent determinations of 
Avogadro’s number 

To recapitulate, after conducting the height distribution experiments, Perrin 
claimed that the numerical concordance he had achieved: (a) established 
without a doubt the kinetic-molecular explanation of Brownian movement, 
(b) justified his theoretical and experimental approach, and (c) provided a first 
determination of the various molecular magnitudes. It is only after these 
initial experiments that providing a precise value for Avogadro’s number (TV) 
became central to Perrin’s experimental work. 48 Avogadro’s number, because 
of its direct connection with other molecular magnitudes, could serve as a 
sort of common ground for coordinating between the determinations of the 
various molecular magnitudes coming from the consideration of different 
phenomena. 49 At the time when Perrin concluded his height distribution 
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experiments (end of 1908), besides the value for Avogadro’s number calcu¬ 
lated from the theoretical considerations made in the context of the kinetic 
theory of gases, there emerged four other determinations. All of them (largely) 
agreed with Perrin’s. Calculations of the charge of the electron (e), which were 
conducted at the Cavendish laboratory, placed N between 43.10“ and 
96.10 “. Max Planck’s and H.A. Lorentz’s calculations, which were based on 
the theory of black-body radiation, gave for N the values 61.10“" and 77.10" , 
respectively. Finally, Ernest Rutherford’s calculations of e, which were based 
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on the study of radioactivity, placed N between 62.10" and 77.10"". To these 
values, Perrin added his own determination by £ a method which seems to me 
direct and susceptible to an unlimited precision ,’ 50 By October 1908, Perrin 
had conducted three series of experiments with Brownian particles of different 
sizes. They involved calculations for 13000 particles and 16000 readings. 
Despite the variation of the different parameters, all the experiment series 
gave - within the limit of experimental error - the same invariant value for N : 
70,5.10 22 . 

In section 10.1, I showed how the various philosophers who used Perrin’s 
work as a case study disagree not only regarding the structure of his argument 
for molecular reality, but also regarding the role that the independent deter¬ 
minations of N played in it. Again, the historicist approach allows us to 
tackle this issue conclusively. To recapitulate, the question we are faced with is 
this: what is the importance of these additional concordant determinations of 
N for Perrin? This is especially given that (as demonstrated in the previous 
section) he had claimed that his experimental work had already established 
both the kinetic-molecular explanation of Brownian movement and the value 
of N. By reading Perrin’s writing from this period, we can infer several rea¬ 
sons why he thought these additional concordant determinations were 
important. 

1 Lack of Discordance. Given that Perrin had already established the 
validity of his experimental approach and was certain that it could be 
used to provide precise values for N, we could say that the fact that it was 
not contradicted by the other determinations was a huge relief. A dis¬ 
cordant result could have raised doubts about the molecular theory of 
Brownian movement and required further experimental investigation to 
determine the source of disagreement. In fact, this is exactly what hap¬ 
pened when the first experimental efforts to verify Einstein’s mathematical 
theory on the molecular origin of Brownian movement led to results that 
were discordant with Perrin’s (see section 10.7 below). The lack of dis¬ 
cordance was extremely striking if one considered the a priori possibilities 
for the values for Avogadro’s number that were possible in each one of 
the different determinations. 

2 The Variety of the Phenomena Considered. The different determinations 
were based on the theoretical consideration or the experimental investi¬ 
gation of different phenomena: viscosity of gases, Brownian movement. 
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black body radiation, radioactivity, and the electric charge of ions. 31 This 
variety of phenomena not only provided the required theoretical inde¬ 
pendence of the different determinations, but was to be expected (or even 
required) given that one was trying to determine the value of a funda¬ 
mental magnitude concerning the ‘building blocks’ of observable 
phenomena. 

3 The Genetic Independence of the Determinations. Besides being theoreti¬ 
cally independent, the different determinations of N were also genetically 
independent. “ What is meant by genetic independence is simply the fact 
that the different determinations were conducted independently of one 
another. Although Perrin did not use the term, he was fully aware of the 
possible objection that the achieved agreement could be construed as a 
case of experimental calibration or mutual adjustment of the experi¬ 
mental results. Perrin explicitly stated how lucky he was that most of the 
experimental determinations of N were conducted concurrently with his, 
without the different researchers having knowledge of each other’s results. 
This precluded the possibility that they had (deliberately or even sub- 
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consciously) calibrated their results to achieve agreement. 

4 The Offering of Mutual Support. The theoretical independence of the 
determinations, the genetic independence of determinations, the number 
of determinations, the quantitative nature of the agreement, the variety of 
phenomena considered, the lack of discordant results, were elements 
which were used to construe a very strong no-coincidence argument to 
support the validity of the auxiliary assumptions underlying the different 
determinations: especially the determinations which were based on the 
investigation of new phenomena (like black-body radiation and radio- 
activity) and which were thought to be based on more speculative and 
untested auxiliary assumptions. The rationale of this no-coincidence 
argument was that it would be an improbable coincidence for the various 
determinations to arrive at the same value for Avogadro’s number, and 
yet for the auxiliary assumptions underlying them to be essentially 
flawed. 

10.7 The emergence of discordance: mathematical theories of Brownian 
movement 

Perrin was able to provide two additional, concordant values for N via 
his experimental study of the mean horizontal displacement and mean 
rotation of Brownian particles, respectively. What did Perrin think was 
the importance of these additional determinations of A? Continuing with 
the historicist approach and looking at the events from a temporal per¬ 
spective - as opposed to looking only at the final form of Perrin’s argu¬ 
ment - shows that Perrin’s aim in conducting this additional experimental 
research was not to offer another determination of N, but to use the 
concordance in order to remove the doubts regarding the molecular-kinetic 
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explanation of Brownian movement that had emerged when the first efforts to 
experimentally verify Albert Einstein's mathematical work on Brownian 
motion failed to do so. 

In 1905, without even knowing that the phenomenon of Brownian move¬ 
ment had been already observed and studied for around eighty years, Einstein 
produced a mathematical formula which described the average horizontal 
displacement that, according to the kinetic theory of heat, the (hypothetical) 
molecular movement ought to be causing on microscopic particles suspended 
in a liquid: 

\ x ~ v/r,/—— 
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where, is the mean horizontal displacement of a suspended (Brownian) 
particle, t is the time interval during which the displacement is measured, T is 
the absolute temperature, N is Avogadro’s number, k is the coefficient of 
viscosity of the liquid, and P the radius of the particle. 54 

The important thing about Einstein’s formula was that it defined the 
horizontal displacement of a suspended particle without involving its real 
velocity, which could not be calculated because of the extremely compli¬ 
cated path the particle ought to be describing during a specific time 
interval. This opened the way for an experimental confirmation, given that 
all the magnitudes could (theoretically, at least) be experimentally deter¬ 
mined. After presenting this equation, Einstein concluded his 1905 paper 
by hoping ‘that some enquirer may succeed shortly in solving the problem 
suggested here.’ 55 

The publication of Einstein’s theoretical work on Brownian motion was 
followed by three independent verification attempts. They were by The Sved- 
berg in Sweden, Max Seddig in Germany, and Victor Henri in France. They 
all, and independently of one another, failed to verify the formula. Svedberg 
argued that his experimental results offered a rough verification of the for¬ 
mula, but his claims were rejected by his contemporaries, including Perrin and 
Einstein. 56 Seddig accepted the failure, but blamed his experimental 
method. The verification failure that came from the quantitative, cinemato¬ 
graphic study of Brownian movement, undertaken by Victor Henri at the 
College de France, in the beginning of 1908, was the failure that had the most 
impact on Perrin and on the community of French physicists at the time. 
Contrary to Svedberg and Seddig, Henri concluded that Einstein’s displace¬ 
ment formula did not apply to the Brownian movement of the particles he 
had experimentally studied. 58 Henri’s results were interpreted as a failure to 
establish the kinetic-molecular movement as the unique cause of the phe¬ 
nomenon of Brownian movement. They were consistent with the position, 
still defended by many French physicists at the time, that the electric actions 
exerted from the ions of the liquid on electrically charged suspended particles 
were an additional cause of the phenomenon/ 9 
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Perrin believed that the height distribution experiments had established 
beyond any reasonable doubt the kinetic-molecular explanation of Brownian 
movement. The failure to experimentally verify Einstein’s displacement for¬ 
mula put in front of him the choice between the inexactness of molecular 
explanation and the inexactness of the formula. Perrin chose the latter option, 
believing that some unjustified assumption had entered into Einstein's rea¬ 
soning. Nevertheless, after suggestions made by Aime Cotton and Paul Lan- 
gevin, he attempted a verification of the displacement formula by using 
Brownian particles of exactly known radius which he had used in his height 
distribution experiments. 60 

Perrin conducted the first measurements with the help of his doctoral stu¬ 
dents. 61 Surprisingly, the initial displacement measurements offered a satis¬ 
factory agreement with the value for N calculated in the height distribution 
measurements of the same particles. In 1909, Perrin announced a mean value 
for N, calculated by around 3000 displacement recordings, equal to 70,5.10" . 
This value was identical with the value for N determined in the height dis¬ 
tribution experiments and remained relatively invariant to changes of the 
various experimental parameters. Perrin used the numerical agreement to 
support the validity of both the experimental procedures employed to deter¬ 
mine the magnitudes appearing in Einstein’s formula and the theoretical 
assumptions underlying Einstein’s mathematical derivation. 62 

After verifying Einstein’s displacement formula, Perrin saw the possibility 
of an experimental test of Einstein’s equation for the rotational Brownian 
movement. Einstein had theoretically demonstrated that the molecular 
impacts, besides a translational movement, imparted on the suspended 
microscopic particles also a rotational movement. At the basis of Einstein’s 
equation of mean rotation was the equipartition of energy theorem, which 
claimed that, at the same temperature, the mean kinetic energy of rotation of 
a suspended Brownian particle was equal to its mean kinetic energy of trans¬ 
lation, and both equal to the mean kinetic energy of an isolated molecule 
(and all this independently of the size of the granule). Perrin’s stated aim 
behind this experimental effort was not another confirmation of the molecular 
theory of Brownian movement, or another determination of N, but the con¬ 
firmation of the theoretical assumptions underlying Einstein's rotation equa¬ 
tion: 6 ’ in particular, the invariance of the equipartition of energy theorem to 
changes of the various parameters (especially to changes in the size of Brow¬ 
nian particles). 64 

Conclusion: Towards a two-way, mutually beneficial, integration of 
History and Philosophy of Science 

In this chapter, I have argued for the necessity of the historicist-hermeneutic 
approach for achieving a mutually beneficial integration of History of Science 
and Philosophy of Science. As outlined above, aspects of the historicist-her¬ 
meneutic approach have been supported by various scholars during the last 
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fifty years. I demonstrated how this approach can be applied concretely to 
solve one of the most problematic case-studies in philosophy of science: the 
reasoning underlying Jean Perrins argument for molecular reality. I have 
argued that Perrin’s was a case of multiple determination. Perrin put forward 
a no-coincidence argument for the existence of molecules, which was based 
on the agreement between multiple, independent determinations of Avoga- 
dro’s number (and consequently, other molecular magnitudes). The blunt 
rationale of the argument was the following: it would be a highly improbable 
coincidence for multiple, independent determinations of molecular magni¬ 
tudes to achieve concordant results, and yet for there not to be any molecules. 
The careful application of the historicist-hermeneutic approach, however, 
shows that there were additional structural elements of Perrin’s argument that 
were responsible for its exceptional strength and, ultimately, for its success. 
They were the following: 

1 The argument was based on a quantitative multiple determination. That 
is, the independent determinations concerned specific numerical values of 
the molecular magnitudes. 

2 There was a close agreement between the independent determinations. 
This agreement became even more striking, if one considered the possible 
values for the molecular magnitudes that could have been the result of 
each one of the determinations. 

3 There was a (relatively) large number of determinations which converged 
on the same result. 

4 The different determinations were theoretically independent: that is, they 
were based on independent theoretical assumptions. 

5 The different determinations were genetically independent and no effort 
was made to mutually adjust the numerical values calculated by theore¬ 
tically independent procedures. 

6 The different determinations were based on the investigation of unrelated 
phenomena. 

7 The high quality and reliability of some of the determinations. 

8 There was not even one discordant result, despite the large number of 
determinations. 

9 When objections and discordant results which challenged Perrin’s deter¬ 
mination of molecular magnitudes emerged, Perrin conclusively resolved 
the discordance. 

Following the historicist-hermeneutic approach it is possible to develop a 
conceptual framework for dealing with the structure and epistemic impor¬ 
tance of the multiple determination strategy in scientific practice. The his¬ 
toricist-hermeneutic approach, as employed in Perrin’s case, shows the 
existence of several structural elements upon which the strength of the no¬ 
coincidence argument - the defining feature of the multiple determination 
strategy - depends. These elements are: 
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1 The number of determinations: the more the determinations that produce 
the same result, the stronger the no-coincidence argument. 

2 The theoretical independence of the determinations: the more theoreti¬ 
cally independent the determination procedures that establish the same 
result are, the stronger the no-coincidence argument. 

3 The genetic independence of the determinations: the more genetically 
independent the determinations procedures that establish the same result 
are, the stronger the no-coincidence argument. 

4 The reliability of the determinations: the more reliable the determination 
procedures that establish the same result are, the stronger the no-coin¬ 
cidence argument. 

5 The quality (or clarity) of the result established by independent deter¬ 
minations: the clearer or more precise is the result upon which the 
independent determinations agree, the stronger the no-coincidence 
argument. 

6 The quality of the convergence: the more the determination procedures 
are judged to have established the same result, the stronger the no-coin¬ 
cidence argument. 

7 The complexity of the independently established result: the more complex 
is the result that is established by independent determinations, the stron¬ 
ger the no-coincidence argument. 

8 The existence of discordant results and/or conflict with accepted knowl¬ 
edge: the less the discordant results and/or the conflict with accepted 
knowledge, the stronger the no-coincidence argument. 

Continuing with the historicist-hermeneutic approach, we can use this pre¬ 
liminary conceptual framework to understand and evaluate the epistemic 
force of other cases of multiple determination, from past or current science. 
For example, we can use it to understand why in some cases of multiple 
determination the no-coincidence argument succeeds, whereas in other cases 
it fails. The implementation of this step will demonstrate the relevance of 
Philosophy of Science to History of Science. This step is different from the 
traditional use of philosophical pre-conceptions to interpret the historical 
material. And this is because from the interaction of this initial conceptual 
framework with the historical material it is possible to further sharpen and 
elucidate our initial framework. This could be done, for example, by noticing 
other structural elements that influence the strength of the no-coincidence 
argument underlying the multiple determination strategy. The implementation 
of this step will demonstrate the relevance of History of Science to Philosophy 
of Science. We can use this more developed framework to elucidate and 
evaluate other (or even the same) cases of multiple determination. 65 And so 
forth. Our efforts to understand science in its historical dimension are them¬ 
selves open-ended. 
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term used to refer to it. 

6 William Wimsatt (1981); lan Hacking (1981); Allan Franklin (1986); Nancy 
Cartwright (1991); Sylvia Culp (1994), to mention only a few. 

7 The structure and epistemic import of Perrin’s argument has not been a topic of 
interest to historians of science, who are mostly limited to providing descriptive 
accounts of Perrin’s experimental work. 

8 1 use the term ‘independently theoretically-dependent’ to refer to the fact that each 
one of the determination procedures that were used to determine Avogadro’s 
Number was dependent on theoretical auxiliary assumptions, but the set of theo¬ 
retical assumptions underlying a specific procedure was largely independent from 
the set of theoretical assumptions underlying another procedure. That is to say, the 
validity of the theoretical assumptions underlying one procedure was largely inde¬ 
pendent from the validity of the theoretical assumptions underlying another 
procedure. 

9 A no-coincidence argument for the validity of an experimental result is the argu¬ 
ment that the only explanation that would not make the result an improbable 
coincidence, is the explanation that the result is valid. 

10 I will use the acronym HPS (History and Philosophy of Science) to refer to the 
traditional approaches, and the acronym iHPS (Integrated History and Philosophy 
of Science) to refer to the historicist-hermeneutic approach. There are two main 
reasons for this. First, the use of the acronym iHPS to refer to the traditional 
approaches would be anachronistic. The term ‘iHPS’ was coined only recently, 
namely, in 2007, in the first international conference of Integrated HPS, at the 
University of Pittsburgh. Secondly, and most importantly, the acronym was coined 
exactly to differentiate Integrated HPS, an approach that is both historical and 
philosophical, from traditional approaches to HPS. 

11 I use the term ‘epistemic force of the multiple determination strategy’ to denote the 
strength of the argument that multiple determination provides for the validity of 
the claims that are established by using the strategy. 

12 Ian Hacking (1983), pp. 186-209; Peter Kosso (1988); Sylvia Culp (1995); James 
Woodward (2006), and many others. 

13 Schickore (2011), p. 456. 

14 Larry Laudan et al. (1986). 

15 Thomas Nickles (1986). Hans Radder (1997) and Schickore (2011) provide acces¬ 
sible and detailed accounts of these problems. 

16 Schickore (2011) introduces the term and provides an account of this approach. 

17 Ernan McMullin (1974); Dudley Shapere (1977); Richard M. Burian (1977); 
Thomas Nickles (1995); Schickore (2011); Hasok Chang (2012). 

18 Schickore (2011), pp. 471-474. 

19 Psillos (2011) is a notable exception. 

20 Jean Perrin (1897). 



206 Klodian Coko 


21 Jean Perrin (1903). 

22 Ibid., p. vii. 

23 Ibid. All translations are mine. 

24 Jean Perrin (1901). 

25 Ibid., pp. 451^155. 

26 Ibid., p. 449. 

27 Ibid., pp. 456-459. 

28 Jean Perrin (1923), pp. 22-28. 

29 Mary J. Nye (1972), chapter 1. 

30 Jean Perrin (1906). 

31 Ibid., p.338. 

32 Ibid., pp. 335-336. 

33 Ibid., p. 338. 

34 Jean Perrin (1905) p. 58. 

35 Nye (1972), p. 101. 

36 Jean Perrin (1905), p. 60. 

37 Jean Perrin, (1908a). 

38 Ibid., p. 968. 

39 Ibid., p. 969. 

40 Ibid. 

41 Ibid., p. 970. Italics in the original. 

42 Perrin (1908d), pp. 514-515. 

43 Jean Perrin (1908b), p. 531. 

44 Perrin (1908d), p. 528. 

45 Viewed in this manner, Perrin’s experimental work seems to provide a direct 
response to Pierre Duhem’s famous critique of experimental method from the 
1890s. This way of reasoning is not necessarily troublesome or vicious. Since the 
emergence of the problem of the experimenters’ regress - which I regard as a more 
general version of the Duhem thesis - philosophers have been aware of the inter¬ 
dependency existing between the correctness of an experimental result and the 
reliability of the experimental procedure used to establish that result: a correct 
experimental result is generally considered to be one produced with a reliable 
experimental procedure; but a reliable experimental procedure is the one that pro¬ 
duces the correct result (Collins 1985). In other words, we don’t know if we have 
obtained the correct result unless we have used a reliable procedure, but we don’t 
know if we have used a reliable procedure unless we have obtained the correct 
result. Insofar as the no-coincidence argument from multiple determination helps 
to break the regress by arguing about the validity of the result, it can also be used 
to argue about the reliability of the procedures. 

46 Ibid., pp. 529-532. 

47 Ibid.; Jean Perrin (1909a; 1913). 

48 Perrin (1908b), p. 532. 

49 Perrin, Jean (1908c), p. 594. 

50 Ibid., p. 595. Italics in the original. 

51 Perrin (1909c), pp. 93-113. 

52 See Soler (2012) for a discussion. 

53 Perrin (1909c), p. 108. 

54 Albert Einstein (1956a) p. 18. 

55 Ibid., p. 18. 

56 Perrin (1909c), p. 74; Albert Einstein (1956b). 

57 Nye (1972), p. 125. 

58 Victor Henri (1908), p.1026. 

59 Aime Cotton (1908), p. 739; Jacques Duclaux (1908). 

60 Perrin (1909a), p. 32. 
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61 Chaudesaigues (1908),; Perrin and Dabrowski (1909). 

62 Chaudesaigues (1908), p. 1045; Perrin (1909a), p. 33. 

63 Jean Perrin (1909b), p. 550. 

64 Perrin (1909c), p. 92. 

65 Klodian Coko, (2015b). 
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11 Revitalising a nineteenth century debate 
about life (which has been done to 
death) 

Or, how to live with historiographical 
pluralism 

Alex Aylward 


Introduction 

Reflecting on the relationship between History of Science (HS) and Philo¬ 
sophy of Science (PS), most in our field would admit that the latter can - 
perhaps should - draw fruitful lessons from the former. Philosophers want 
their theories about science to be borne out empirically, and to give a 
good account of the actual practice of science. Engagement with HS can 
help achieve these aims. 1 Perhaps less obvious is the value of PS for HS. 
As prominent iHPS scholar Theodore Arabatzis (2017) put it: ‘What’s in it 
for the Historian of Science?’ His answer begins with Norwood Russell 
Hanson’s observation that historical studies of science must grapple with 
metascientific concepts. Arabatzis (2017, p. 69) urges that ‘philosophical 
reflection on those concepts can be (and, indeed, has been) historio- 
graphically fruitful.’ He discusses the examples of ‘epistemic values’, 
‘experimentation’, ‘scientific discovery’, and ‘conceptual change’, showing 
in each case how philosophical insights upon these matters can be (and 
have been) profitably deployed in historical scholarship. Scientific practices, 
past and present, often involve issues of philosophical weight, engagement 
with which can be invaluable in gaining thorough historical understanding. 
What I want to suggest is that PS can also inform HS externally to the 
specifics of the ‘metascientific concepts’ encountered during any particular 
HS project, at the more removed level of deciding which episodes to study 
historically, which methodologies to employ in doing so, and what we 
hope to gain from our investigations. In particular, I wifi show how recent 
work in PS on pluralism and perspectivism can enhance HS. Section 11.1 
sets out this approach in the abstract, whilst sections 11.2 and 11.3 apply 
it to a case-study from HS: a debate over the nature of life which took 
place at London’s Royal College of Surgeons in the early nineteenth cen¬ 
tury. Reflecting on the results of this case-study, I end by summarising the 
ways in which applying lessons from pluralism and perspectivism in PS 
can benefit our historiographical practices. 
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11.1 Pluralising historiographical perspectives: a lesson for HS from PS 

When we possess multiple differing accounts of a historical episode, we often see 
them as competing. Philosopher Katherina Kinzel asks in her 2016 essay how we 
might go about restricting such historiographical pluralism; which criteria should 
we apply in judging between competing accounts and how do we apply them? She 
concludes that, though most inadequate accounts may be fairly straightforwardly 
disposed with, we often lack strong enough criteria to neutrally adjudge a single 
‘’best’ account. Consequently, ‘we will have to live with some degree of pluralism 
in historiography’. - The heuristic guiding Kinzel’s rigorous study - one which I 
will be contesting - is that historiographic pluralism is bad. Its presence indicates 
that we have not yet arrived at the one best account of an episode; or if we have, 
that we nevertheless have been unable to demonstrate the inadequacy of its com¬ 
petitors. There is an analogy here with the sciences. The existence of alternative 
scientific accounts of the same phenomenon has tended to lead scientists and 
philosophers alike to ask which theory is ’best’, and should thus be maintained at 
the expense of ‘competitors'. The enduring centrality of the problem of ‘theory 
choice’ in PS is indicative of the value traditionally attached to the pursuit of 
monism in the face of pluralism. Increasingly, however, philosophers of science 
are urging that we turn a critical eye on our traditional commitment to monism, 
and even that we actively cultivate pluralism in science/ 

One variety of scientific pluralism which can be of substantial value to HS, I 
suggest, is rooted in scientific perspectivism, which holds that a scientific theory 
or model only ever provides a partial account of its target phenomenon. 4 Thus, 
scientists are only granted a perspective upon their object of study, among many 
which are possible. Competing scientific accounts will often provide alternative 
perspectives upon the phenomenon of interest, and will emphasise and illuminate 
(or obfuscate) different aspects of the target phenomenon to varying degrees. 
Once the partiality of scientific perspectives is acknowledged, monism appears a 
rather limiting virtue; a plurality of perspectives is required for anything 
approaching a ‘complete’ account of the phenomenon of interest. 5 As perspecti- 
vist philosopher Michela Massimi (2018, p. 165) has recently put it, ‘[tjhere 
cannot be an objective, unique, true description of the way the world is as soon as 
we acknowledge that our scientific knowledge is always from a specific vantage 
point’. Historians of science should heed these lessons from PS, for, as David Hull 
(1992, p. 472) noted, ‘[hjistory of science cannot be written from no perspective 
whatsoever’. The methodologies we adopt, and the historiographical frameworks 
we employ, influence which historical questions, and answers, we deem interesting 
and illuminating. Like science, HS is perspectival. Pursuing historiographical 
monism in the face of pluralism, then, appears misguided. We cannot hope for 
‘an objective, unique, true description' of any episode in the History of Science; 
hence, we stand to gain - as do scientists - from pluralising our perspectives. To 
be sure, historiographical pluralities already exist; else there would be little moti¬ 
vation for Kinzel’s project. 6 Contra Kinzel, I am suggesting we embrace and 
leam from existing historiographical pluralism, and actively cultivate more. 
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Others before now have encouraged historiographical pluralism. Historian of 
science Robert Fox (2006, p. 412), for example, has written that, ‘[t]he more 
options we have as historians, the better. For different questions call for different 
methodological tools, and we need as broad a repertoire as possible.’ Yet, there is 
something about my plea for pluralising perspectives that differentiates it from 
calls to proliferate our ‘methodological tools’ or similar. We employ tools; we 
have perspectives on things. The latter and not the former implies the constancy 
of our target phenomenon, even as we pluralise perspectives. It is unclear whe¬ 
ther Fox’s ‘different questions’ relate to the same historical episode or different 
ones. Rather than merely suggesting that we practice in our field a variety of 
historiographical methodologies (a hopefully uncontroversial claim), the lesson 
historians of science should draw from scientific perspectivism is that we should 

^7 

focus many different methodological tools upon a particular case-study. Only by 
pluralising our historiographical perspectives upon some particular episode do we 
stand to gain a fuller account of that episode, as well as reflexive insights con¬ 
cerning the adopted perspectives themselves. The resultant plurality of accounts 
is not something we should aim to remedy a la Kinzel, but cultivate and learn 
from in ways I shall detail below. 

Sometimes we may wish to apply this methodology of pluralising perspectives 
de novo , to a past scientific episode that is yet to be studied. Certainly, this is the 
surest way of gaining a ‘complete’ account of the episode. However, here I am 
concerned with revisiting episodes already explored from one historiographical 
perspective, and consciously re-exploring them from an alternative one. The 
potential benefits of revisiting particular episodes in this way are many, including 
(but not limited to): the testing of historiographical/philosophical frameworks 
against known examples from the history of science (think of it as testing new 
kinds of microscope against existing kinds working on different principles); 
highlighting problems with our existing historiographical categories; alerting us 
to interesting historical and/or philosophical questions not obvious from existing 
perspectives; exposing shortcomings of, or errors made from, existing 
perspectives. 

The best way to be clear on what is meant by each of these benefits is 
through example. In section 11.2, I give an overview of my chosen case-study 
for re-exploration: the Abernethy-Lawrence controversy - a heated dispute in 
the 1810s over how best to explain vital phenomena, between two colleagues 
at London’s Royal College of Surgeons (RCS). This case serves my aims well, 
because the various accounts of it written last century - there are several, 
hence my titular ‘almost done to death’ phrase - represent, I suggest, but one 
perspective upon the episode. After a brief characterisation of this perspective, 
I proceed in section 11.3 to revisit the affair from an alternative one, namely 
by utilising a historiographical framework suggested by historian of science 
and medicine Andrew Cunningham for thinking about the disciplines of 
anatomy and physiology in my period of interest. Though imperfect as 
applied to the Abernethy-Lawrence case, pursuing this perspective provides 
various benefits of the kinds set out above. 
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11.2 The Abernethy-Lawrence controversy 

In 1799 William Lawrence (1783-1867), a promising sixteen-year-old 
apprentice, came under the patronage of esteemed surgeon John Abernethy 
(1764-1831). As was customary, Lawrence lived in his mentor’s household for 
the duration of his apprenticeship, after which he was appointed anatomical 
demonstrator at St. Bartholomew’s Hospital in 1801, and a member of the 
RCS in 1804. It was here that, in 1814, Abernethy delivered a set of intro¬ 
ductory anatomical lectures entitled An Enquiry into the Probability and 
Rationality of Mr. Hunter’s Theory of Life} Extraordinary in scope, Aber- 
nethy’s lectures tackled one of the most enticing problems of all: what is life? 

According to Abernethy, what distinguished living from non-living matter 
was that, in the tradition of eighteenth-century ‘'Newtonian’ ether-theories, 
the living was pervaded and animated by a subtle, immaterial, vital spirit. 9 
Drawing liberally upon contemporary investigations of electrical and che¬ 
mical phenomena, Abernethy mobilised this notion to explain a wide range 
of the so-called ‘vital phenomena’ displayed by living organisms, such as 
animation, sensibility and irritability. Lawrence objected, vocally and pub¬ 
licly, to his former mentor’s account. Though names went unmentioned, 
Lawrence’s (1816) RCS lectures - An Introduction to Comparative Anatomy 
and Physiology - represent a rebuttal of Abernethy, ridiculing his invocation 
of a subtle life-giving principle. Lawrence, inspired by French anatomist 
Xavier Bichat, advocated instead a variety of vitalism which emphasised 
‘organisation’, and located vital functions in particular tissues. 10 Abernethy 
(1817) doubled-down on his position in his Physiological Lectures, which 
Lawrence (1819a) responded to in turn in his Lectures on Physiology, 
Zoology, and the Natural History of Man} 1 

The personal nature of the dispute was not lost upon commentators in the 
specialist and general press. The conservative Quarterly Review blasted Lawr¬ 
ence for ‘converting the lecture-room of the College into a school of materi¬ 
alism’, whilst outrage was felt at his ‘most coarse and virulent invective against 
his former patron’. “ Lawrence’s defenders in the press held that moral and 
theological convictions should be set aside in discussing scientific matters. A 
failure to do so, one commentator reminded their readers, had left Galileo 

1 O 

‘imprisoned in a dungeon for truths afterwards confirmed by Newton’. In an 
effort to rescue his reputation, Lawrence withdrew his lectures from circulation 
(though they were pirated by various publishers after he lost the copyright). 
Lawrence’s retreat from the controversy had the desired effect, as he went on to 
enjoy a glittering medical career, culminating in his appointment in 1858 as Ser¬ 
jeant Surgeon to Queen Victoria. 

Intensive social-historical study of the episode began in the 1960s by June 
Goodfield-Toulmin (1966, 1969) and Owsei Temkin (1963), and continued 
two decades later by Stephen Jacyna (1983b) and Adrian Desmond (1987, 
1989). Together, these authors successfully situated this pre-Victorian debate 
on the science of life within the context of religious, political, and class 
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tensions in radicalising Britain. Roughly, the resultant perspectiveil account 
has it that Abernethy’s principle-vitalism was aligned with the conservative 
political establishment, orthodox Christianity, and patriotism, whilst the 
Francophile Lawrence’s doctrines reflected the politically dangerous, materi¬ 
alistic atheism emanating from the continent in the wake of the French 
Revolution. Elucidated in this way the Abernethy-Lawrence saga, according 
to Jacyna (1983b, p. 311), ‘merely constituted a fortissimo statement of a 
recurrent motif’. 

This account of the affair is now standard, being cited regularly as an 
exemplary case-study of the relation between early nineteenth century British 
science and the political upheavals of the time. 14 Yet the above is but one possible 
perspective on the Abernethy-Lawrence affair. Further, there are some concrete 
considerations which confirm our PS-informed suspicion that this perspective 
(like any) provides a less-than-complete account of the episode. Take, for 
instance, historian of biology Karl Figlio’s (1976, p. 20) criticisms of Goodfield- 
Toulmin’s and Temkin's accounts. Figlio cites evidence of French resistance to 
materialism, British opposition to immaterial vital principles, and the ‘deep 
appreciation of French thought in Scottish philosophical circles’, in suggesting 
that Goodfield-Toulmin and Temkin overemphasised national differences 
(pp. 33-38). Any one perspective is indeed liable to over- or under-emphasise 
certain aspects of the phenomenon under study. 

Additional pressure can be applied to the received perspective by interrogat¬ 
ing the supposed alignment of Abemethy’s subtle-fluid-based physiology with 
his conservative politics and mainstream Christianity. Firstly, ether and God 
need not be inextricably linked, as John Christie (1981, p. 94) has shown for the 
eighteenth century Edinburgh physician William Cullen, whose chemical ether 
replaced God as the effective causal agent in nature. Secondly, Abemethy’s 
invocation of electricity in discussing the vital fluid - on which, more later - 
puts pressure on the characterisation of his doctrine as politically ‘con¬ 
servative’, in contrast with Lawrence’s ‘radical’ views. On electricity in this 
period, Iwan Rhys Morus (2011, pp. 32-38) argues that, whilst the ‘plaything 
of fashionables’, the application of galvanic and electrical studies to life and the 
body carried materialistic and ‘radical’ undertones (as Mary Shelley brought to 
bear in her 1818 novel Frankenstein). At worst, one could argue that the tight 
bundling of political persuasion, religious beliefs, and scientific views which is 
central to the received perspective is at risk of unravelling. At best, one must 
concede that the broad social-contextualisation perspective I have summarised 
is - like all perspectives - only partial. 

11.3 A new perspective: the pen and the sword 

My crude summary of the works of Goodfield-Toulmin, Temkin, Jacyna and 
Desmond represents but one possible perspective on the Abernethy-Lawrence 
affair, albeit an illuminating one. These authors attempted - successfully - to 
situate this dispute at the RCS within a historiographical framework 
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emphasising a nexus of national, political, and religious tensions at the turn 
of the nineteenth century. Yet, as I have suggested, there are likely alternative 
perspectives from which we can give an account of the episode, which will be 
fruitful in different ways. 

The alternative perspective I will pursue, based on work by historian 
Andrew Cunningham, takes different categories as historically significant, 
compared with the received perspective. 15 Ultimately, it will be clear that the 
new perspective is far from perfect. 16 No matter: no perspective is. This was a 
benefit of pluralising perspectives that I listed in the introduction: the testing of 
historiographical frameworks against known examples. In spite (and partly 
because of) its limitations, the perspective pursued here is still productive in the 
various ways suggested: it highlights problems with existing historiographical 
categories; alerts us to new and interesting historical and/or philosophical 
questions not obvious from other perspectives; exposes errors made from other 
perspectives; and, most straightforwardly, renders our account of this episode 
from the history of science more ‘complete’. 

The perspective takes the nature and role of certain scientific disciplines 
as its historiographical category of interest. In the early 2000s, historian of 
science and medicine Andrew Cunningham (2002, 2003, 2010) set out in a 
pair of articles - and later at book-length - a framework for ‘recovering 
the disciplinary identity of physiology and anatomy before 1800’. The 
decades after 1800 were, for Cunningham, a watershed moment during 
which the disciplines of anatomy and physiology were transformed beyond 
recognition, taking on roughly the identity they retain to this day. Before this 
radical transformation, anatomy was the great experimental science of life, 
being a much richer and more active pursuit than we now conceive it to be. 
Physiology in this period was purely theoretical ; the ‘old-physiologist’ was a 
philosopher, who weaved together 

the anatomical and other evidence he had acquired from experiment, 
observation and reading, and reasoned his way to understanding how it 
all functioned together in life [...] He took the anatomical facts and on 

1 7 

them built his physiological speculations. 

To capture the relations between ‘old-anatomy’ and ‘old-physiology’, Cun¬ 
ningham re-deploys the adage of the pen and the sword. The philosophising 
physiologist required only the former, and allowing himself the rhetorical 
flourish, Cunningham bestows the latter upon the knife-wielding anatomist. 
These disciplinary identities were transformed out of recognition, Cunning¬ 
ham explains, by the emergence in the early to mid-nineteenth century of 
‘experimental physiology’, in the mould of pioneering Frenchmen Frangois 
Magendie (1783-1855) and Jean Pierre Flourens (1794-1867). Far from the 
philosophical interpretation of facts provided by anatomists, physiology of the 
Magendie School was itself an active, experimental, interventionist discipline. 
Experimental physiology replaced ‘old-anatomy’ as the great experimental 
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science of life, the major difference being that it intervened not in the dead, 
but the living body. 18 Anatomy, meanwhile, became demonstrative, losing its 
active, interventionist, and experimental identity 

The Abernethy-Lawrence saga was already underway by the time Magen- 
die penned the first textbook of his new experimental physiology in 1816, 
which would take some time to exert an appreciable influence in the generally 
Francophobic British context. 19 The timing of the affair, then, places it just 
within the remit of Cunningham’s proposed framework of the nature of and 
relationship between the disciplines of anatomy and physiology. Both men 
drew liberally upon both disciplines in explicating their accounts of vitality, 
and as such, the doctrines they espoused in their lectures provide a tantalising 
test-case for Cunningham's framework, which is itself lacking in applications 
to concrete episodes. 

Adopting Cunningham's framework as an alternative historiographical per¬ 
spective, I will show that a good deal of Abemethy and Lawrence’s disagreement 
over the nature of life can be made sense of in terms of disparities between each 
man’s notions of good physiological practice. Different disciplines are (and were) 
defined by different, sometimes conflicting, sets of methods, aims and approa¬ 
ches, that encapsulate, shape and constrain the research undertaken under their 
banners. A physiologist might pose questions or solutions that a comparative 
anatomist would not dream of, or regard as important, or even coherent. 
Through adopting Cunningham's discipline-centred perspective, we will see that 
the attitudes our protagonists held concerning the disciplinary scopes of anatomy 
and physiology, and particularly their relationship to one another, elucidates a 
great deal of the disparity in their respective conceptions of life. 

The case is not as simple as one man ‘doing old-anatomy’ and the other ‘doing 
old-physiology’; both men wielded pen and sword. Despite this, Cunningham’s 
characterisation of these disciplines appears promising, as we read Lawrence 
(1819a, p. 8) stating that comparative anatomy, ‘furnishes the data, which con¬ 
stitute the basis of general physiology, of which the object is to determine the laws 
that regulate the phenomena exhibited by organized beings’. Abemethy also held 
that knowledge of vital processes must be based upon facts ascertained by com¬ 
parative anatomy. He instructed his audience that to gain knowledge of vital 
processes in the exemplary manner of the late, revered surgeon John Hunter, ‘it is 
necessary to refer to the facts contained in his Museum’; in other words, exam¬ 
ination of the structures of various animal forms is a prerequisite to theorising 
about the actions and functions of animate beings and their parts. 20 

Both parties in the dispute, and indeed most of the wider scientific 
community, subscribed to the view that particular functions were localised 

O 1 

in particular bodily structures. Lawrence’s commitment to this methodo¬ 
logical heuristic is clear in his 1819 entry in Rees’s Cyclopaedia , on the 
topic of ‘monsters’, or, individual organisms, ‘in whom the body in 
general, or some large and conspicuous part of it, deviates remarkably 
from the accustomed formation’. -- Such instances presented the researcher 
unrivalled opportunities: 



Revitalising a debate about life 217 

Monsters, in which considerable parts are wanting, seem peculiarly likely 
to assist in the prosecution of physiological researches. If we never saw 
animals, except in a perfect state, we could not form just ideas of the 
comparative importance of the different organs. “ 

Lawrence (1819b, pp. 7-8), eyes peeled for information pertaining to the 
localisation of functions, recounts the tale of a particular "monster’ patient: 

In one case, where [...] an imperfect cerebrum seemed to exist, the child 
lived six days. The child was perfectly formed, excepting the head, and of 
usual size. It took no food, and had no evacuation. Respiration went on 
naturally: it did not cry, but often made a hideous whining noise [...] No 
signs of voluntary motions appeared, and the mother had less feeling of 
the child in utero, than in her former pregnancy. 

From such a case, Lawrence explained, one may deduce that the coordination 
of functions including nutrition, excretion and voluntary motion - but 
excluding respiration, vocalisation, and growth - are localised in the portion 
of the brain disrupted. 

Abernethy, unlike Lawrence, invoked an immaterial principle of vitality per¬ 
vading the organism. However, this was seemingly no deterrent to believing that 
vital functions could be mapped to specific structures and organs. Indeed, 
Abernethy (1814, p. 46) explained that, ‘[a]s what is deemed the complexity of 
animal life increases, we find distinct organs allotted for each of these functions’. 
He later instructs his audience that "it is generally believed that all sensation is in 
the brain, and that all volition proceeds from that organ’. He mobilised various 
empirical results supporting the conclusion that the brain is the seat of volition, 
including "that the perceptions and intellect of animals increase in proportion as 
the brain becomes larger and more complex’ (p. 65), and the observation that, 
"[if] a certain degree of pressure be made upon the brain, both feeling and 
voluntary motion cease whilst it continues and return when it is removed’ (p. 67). 
Epitomising Abernethy's conception of anatomical knowledge, and its standing 
relative to the high theorising of physiology, he starts from the basis of localising 
volition in the brain, and argues henceforth for the existence of a subtle, vital 
fluid (pp. 67-68): 

If then it be admitted that sensation exists in the brain, and that volition 
proceeds from that organ, it necessarily follows that motions must be 
transmitted to and fro along the nervous chords, whenever they take 
place [...] Physiologists were therefore led to conjecture that the nervous 
fibrils were tubular, and that they contained a subtle fluid, by means of 
which such motions were transmitted. 


Both men, then, preached and practised localisation in research. However, only 
in Lawrence’s case was the resultant anatomical knowledge invoked to ground 
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his physiology on a strongly observable and empirical bedrock. For Abemethy, 
anatomical knowledge was a springboard for conjectural hypothesising. 

For Lawrence, the facts of comparative anatomy made clear and obvious 
the conclusion that life relies upon organisation, even in the somewhat con¬ 
troversial case of mental processes. If it was not the brain that performed our 
mental functions, but rather an immaterial principle attached to or housed 
within it, then why, Lawrence mused, is the former so large and complex? If 
the brain itself is redundant with respect to mental processes, then the fact it 
is ‘better fed, clothed, and lodged than any other part, and has less to do’ is 
quite inexplicable. 24 Moreover, the tight correlation of mental powers and 
cerebral size and complexity throughout the ‘great chain of being’ repre¬ 
sented, for Lawrence, anatomical facts demonstrating the importance of 
organisation to vital functions. True, most vital functions are present 
throughout the living kingdom, in creatures of disparate organisation. How¬ 
ever, Lawrence emphasised that these properties of life were manifested to 
degrees and levels of perfection that varied just as widely, and importantly, in 
a manner that correlated with organisational gradations. The ‘bare facts’ of 
anatomy, were employed by both Abernethy and Lawrence; by the former to 
downplay the centrality of organisation, and by the latter to uphold it. 

Localisation was a tool of Cunningham’s ‘old-anatomist’. Lawrence rarely 
departed from the programme of general anatomy forwarded by his idol, Xavier 
Bichat, who desired what Jacyna (1990, p. 162) has described as ‘a topographical 
or natural-historical account of tissues to which was subjoined an analysis of 
their vital properties’. Lawrence (1819a, pp. 81-82), like Bichat, was content to 
rest his doctrine on a level that he saw as, at least presently, irreducible: 

To say that irritability is a property of living muscular fibres, is merely 
equivalent to the assertion, that such fibres have in all cases possessed the 
power of contraction. What then is the cause of irritability? I do not 
know, and cannot conjecture. 

Lawrence professed a strong disinclination to going beyond anatomical facts; 
he might be read as an ultra-empiricist ‘old-physiologist’. His physiology was 
‘shackled’ by anatomy. The divergence between his and Abernethy’s approach 
is clear, and concerned the extent of each man’s empiricism; how far they 
were willing to conjecture, to physiologise, beyond anatomical facts. For the 
most part, Lawrence merely anatomised; he localised vital functions, classi¬ 
fying tissues by their status as the seat of a particular vital property. His 
physiology did not go much further, nor did he desire it to. For Abernethy, 
however, a physiology overly shackled by anatomy simply did not tell us 
enough of interest about the workings of organisms. 

Because of this divergence, Lawrence and Abemethy reached an impasse 
when seeking to elucidate the causes of vital phenomena. Lawrence entertained 
a ‘constant-conjunction’ view of causation. He wrote in his Introduction to 
Comparative Anatomy and Physiology that: 
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Experience can only exhibit the order and rule of succession of the phe¬ 
nomena, which indicate the action of the cause. When one event is 
observed constantly to precede another, the first of these is called cause, 
and the latter effect; and we believe that the preceding event has a power 
of producing that which succeeds; although, in reality, we know only the 
fact of succession. 26 

With such a humble epistemology of causation in place, there was little 
opportunity for Lawrence’s physiological speculations to roam too far from 
anatomical matters-of-fact. But what was for Lawrence a safeguard against 
unfounded conjecture represented for Abernethy a restrictive shackle upon 
knowledge-making. Abernethy (1817, p. 97) despaired: 

If ... [Lawrence and other such thinkers] mean to insinuate, that we have 
no knowledge of cause or effect beyond that which results from mere 
observation, they publish at the same time, a libel on the human under¬ 
standing; a prohibition to rational enquiry, and a most severe satire, on 
themselves. 

The ‘common-sense’ Scottish philosophers to whom Lawrence owed so much 
were also at this time beginning to recognise within science a constructive role 
for analogy and hypothesis. - Abernethy (1814, p. 8) embraced this develop¬ 
ment firmly: ‘[L]ormation of an hypothesis excites us to enquiries, which may 
either confirm or confute our conjectures; and which may, by enabling us to 
discover the deficient facts, convert our hypothesis into a theory’. 

Indeed, Abernethy (1814, p. 13) thought it ‘highly probable that it was 
[Hunter’s] hypothesis respecting life which incited him to enquiries by which 
he has been able to supply the deficient facts, so as to establish his con¬ 
jectures, or convert his hypothesis into a theory’. Hypothesising, for Aber¬ 
nethy, was a justified movement beyond the facts; only through conjecture can 
we drive our researches forward and learn new things from enquiries we 
might not otherwise have considered pursuing. Lawrence (1816, p. 177) was 
not wholly opposed to hypotheses, but only thought them warranted when 
‘they are adduced with the array of philosophical deduction, because they 
involve suppositions without any ground in observation or experience, the 
only sources of our information on these subjects’. Lawrence’s attitude left 
open the possibility that vital spirits could be employed as a heuristic princi¬ 
ple for guiding research, though he rightly interpreted Abernethy as wanting 
his vital principle to do much more. 28 

The elder surgeon's hypothesising was analogy-driven, and it provoked 
some of Lawrence’s most devastating retorts. Abernethy (1814, p. 42) habi¬ 
tually compared his vital principle with the mysterious force of electricity, 
also purported to operate via a subtle and mobile fluid, urging his audience 
that, ‘[t]he phenomena of life and electricity correspond’. Choosing a vital 
property that the Swiss anatomist Albrecht von Haller had localised in 
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muscular tissue, irritability, for comparison with the electrical force, Aber- 
nethy (1814, p. 48) argued that ‘[t]he motions of electricity are characterized 
by their celerity and force; so are the motions of irritability. The motions of 
electricity are vibratory; so likewise are those of irritability’. Abernethy took 
great heart from Humphry Davy’s recent work in electrochemistry, believing 
that the great chemist had ‘solved the great and long hidden mystery of che¬ 
mical attraction’, showing its dependence upon ‘the electric properties which 
the atoms of different species of matter possess’ (p. 48). The bearing of these 
conclusions upon Abernethy’s case was indirect. He believed they showed that 
electricity, this subtle and powerful principle, was pervasive in nature, ‘and 
that it enters into the composition of everything, inanimate or animate’ (p. 
49). Hence, he reasoned, electricity or something similar, ‘pervades organized 
bodies’ (p. 51) and produces the vital processes within them, as electricity 
underpins the chemical changes undergone by inanimate matter. Analogy, for 
Abernethy, pointed to the probability and rationality of his theory of life. 

Lawrence (1816, p. 169) ridiculed his adversary’s approach: ‘To make the 
matter more intelligible, this vital principle is compared to magnetism, to 
electricity, and to galvanism; or it is roundly stated to be oxygen. ’Tis like a 
camel, or like a whale, or like what you please’. These analogies, Lawrence 
maintained, did not enlighten: the nature of electricity was as mysterious as 
that of any purported vital principle. Moreover, the analogies proposed were 
without foundation. For Lawrence (1816, p. 171), ‘[ijdentity or similarity of 
cause can only be inferred from identity or resemblance of effect’, but vital 
processes like digestion, growth, and sensibility differ vastly from the effects of 
the electrical force. Abernethy’s analogical flourishes represented moves which 
Lawrence’s philosophy simply did not permit; going beyond the observable 
anatomical facts. According to the received perspective, Lawrence’s distaste 
for Abernethy’s vital principle had its foundations in morals and politics. It is 
true, one of his objections to a ‘vital principle’ was its supposed affirmation of 
a transcendental power controlling human freedom; it was intended to 
‘impose a restraint upon vice stronger than Bow street or the Old Bailey can 
apply’. 29 However, it is equally clear that the invocation of a subtle, imma¬ 
terial agent of vitality violated many of the rules bounding what was, for 
Lawrence, proper physiologising. 

Taking Cunningham’s lead, I have asked what light the roles of anatomy 
and physiology can shed on the Abernethy-Lawrence affair. We have seen 
that our two authors’ conceptions of the scope of anatomical and physiolo¬ 
gical practices significantly diverged, in ways which illuminate the discrepancy 
in their respective accounts of life. The works of these men differ in the degree 
to which they exhibit what Cunningham suggests was the relationship 
between the ‘old’ styles of anatomy and physiology. Abernethy’s propensity to 
hypothesise and analogise meant he deviated from the ideal of a physiology 
based exclusively upon anatomical fact. Abernethy was willing to go further 
beyond the brute facts than Lawrence’s strict empiricism would allow. The 
Cunningham-inspired perspective pursued here has led us to consider issues 
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neglected by the received social-contextualisation perspective, as well as 
telling us useful things about Cunningham’s framework itself The final 
section discusses these various fruits of pluralising our perspectives upon 
the Abernethy-Lawrence case. 

11.4 A productive pluralism 

At the close of section 11.2, we saw Karl Figlio accuse the received perspective 
of overemphasising national differences, with Abemethy and Lawrence painted 
as Francophobe and Francophile, respectively. I also suggested that certain 
aspects of Abernethy’s principle-vitalism cause problems for interpreting his 
doctrine as consonant with conservative politics and orthodox Christianity. The 
upshot was that social, political, and religious considerations - upon which the 
received perspective focuses - are alone insufficient to fully capture Abemethy 
and Lawrence’s disagreement over the nature of life. This is unsurprising, I sug¬ 
gest, because HS - like the science it investigates - is perspectival. Recent 
movements in PS acknowledge the perspectival nature of our knowledge-making 
practices, and thus recommend we pluralise our perspectives. We should do the 
same in HS. The resultant historiographical pluralism differs from existing calls 
for pluralism in HS; it is not simply a matter of tolerating and maintaining var¬ 
ious methodological approaches within our discipline, but rather actively and 
consciously training a variety of such approaches upon particular episodes, in 
order to yield multiple perspectives. Besides gaining greater ‘completeness’ in our 
historical understanding of an episode, the potential benefits of my approach are 
several, including: (a) problematising our existing historiographical categories; 
(b) alerting us to new and interesting questions not obvious from other perspec¬ 
tives; (c) exposing errors or mischaracterisations made by other perspectives. 
Additionally, there is the reflexive benefit that, (d) via application to known cases 
in the history of science, we can develop and improve the adopted framework 
itself. By way of concluding this chapter, I will show how each benefit is mani¬ 
fested in our perspectival re-exploration of the Abernethy-Lawrence affair. 

Our chosen perspective has trained our attention upon the ways in which each 
man thought about the proper scope, methods, and aims of the disciplines they 
practised, as well as the relationship between them. In turn, this has led us to 
explore the competing epistemologies and notions of causation at play in the 
debate. It turns out that a coherent, illuminating account of the disagreement 
between these practitioners can be offered at this level. To tell such a story does 
not, however, invalidate those already told at the level of the political, the social, 
and the religious. Rather than competing, we can view these different perspectives 
as complementary. The fact that Abemethy and Lawrence held differing episte¬ 
mological commitments, including the proper relations they perceived to exist 
between anatomical and physiological practices, does not at all suggest that their 
political and religious differences were inconsequential. Indeed, further investiga¬ 
tion may reveal interesting interrelationships between these two sets of considera¬ 
tions (Benefit b). Confessedly, Cunningham's (2010, p. xxi) pen-and-sword 
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framework purposefully paints the state of ‘’old-anatomy’ and ‘old-physiology’ in 
a ‘somewhat static way’, in order to emphasise the contrast with what came after. 
Thus, Cunningham underplays the heterogeneity within these disciplines, and in 
the relations between them. The case of Abernethy and Lawrence - figures united 
geographically, temporally and institutionally, but who nevertheless negotiated the 
relations of anatomy and physiology quite differently - can add some welcome 
nuance of a quite subtle kind to Cunningham’s framework (Benefit d). 

The perspectival account I have offered also highlights certain errors or mis- 
characterisations in the received accounts (Benefit c). As we saw, Lawrence sought 
to localise vital functions in particular tissues, and go no further; upon the causes of 
the functions, he could ‘not conjecture’. He elaborated at length his views upon the 
properties of living and non-living matter, specifying that the former is ‘governed 
by physical laws, such as attraction, gravitation, chemical affinity; and it exhibits 
physical properties, such as cohesion, elasticity, divisibility, &c. Living matter also 
exhibits these properties, and is subject in great measure to physical laws’. So far, so 
standard from a man accused by Inis contemporaries of physicalist-materialism. 
But he continues: ‘But living bodies are endowed moreover with a set of properties 
altogether different from these, and contrasting with them very remarkably’. 

Indeed, Lawrence frequently derided crude attempts by some physiologists 
to reduce vital processes to mathematics and the physical sciences: ‘One esti¬ 
mated the force of the heart as equal to 180,0001bs.; another reduced it to 

8oz.; and both these conclusions are deduced from reasonings clothed in all 

^ 1 

the imposing forms of the exact sciences.'’ 

It is unsurprising, given the socio-political milieu explored in the received 
perspective, to find Lawrence’s views misrepresented by politically-motivated 
conservative quarterlies. More recent commentators, though, are also guilty of 
misreading Lawrence. Adrian Desmond (1989, p. 117), for instance, explains 
that Lawrence ‘believed that the ordinary laws of physics and chemistry were 
quite adequate to explain this life-giving organization’. This mischaracterisation 
is puzzling in light of the quotations given just above, in which Lawrence expli¬ 
citly details his anti-reductionism concerning vital phenomena. But such are the 
subtle hazards that come with Desmond’s ambitious perspective, seeking as it 
does to contextualise thinkers within the broad political, social and religious 
tensions of their time. If Abernethy's political conservatism and patriotism are 
wedded to his vitalism, Lawrence’s perceived radicalism and Francophilia might 
push us too far in interpreting his doctrines as reductionist and materialist. The 
perspective explored in this chapter, which encourages close engagement with the 
philosophies and methodologies at play, guards against the kind of error Des¬ 
mond makes (though surely leaves us exposed to many others). 

Given our augmented understanding of Lawrence’s position, we can be 
confident that, by any measure, it was a ‘vitalist’ one. As we have seen, he 
conceived of vital functions as residing irreducibly in particular tissues of the 
body. Living matter was distinct from ordinary physical matter. But in view of 
Lawrence’s vitalism, the fact that both he and his adversary - who differed so 
significantly - are united under the ‘vitalist’ label certainly puts pressure on 
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its historiographical utility. In the 1970s, Edward Benton (1974, pp. 21-23) 
proposed that, instead of labelling thinkers as ‘vitalists’, ‘mechanists’, or 
whatever, based upon a superficial glance at the opinions they professed in 
print, we produce a scheme in which ‘vitalist’ theories are classified accord¬ 
ing to variance along the ‘dimensions’ of: epistemological scepticism; the 
formal character of the explanations they propose; the fields of study in 
which different sorts of vitalist explanations were proposed, etc. 

More than forty years on, and despite some efforts in this direction, we are 
still without such a scheme. “ The entry on ‘Materialism and Vitalism’ in The 
Oxford Companion to the History of Modern Science is symptomatic of our 
failings, as we hear that ‘[mjaterialists make the ultimate principles matter and 
motion; vitalists, the soul or an irreducible life force’. ‘ Certainly there is no 
room for Lawrence in this dichotomous characterisation. Hasok Chang (2012, 
p. Ill) has suggested that, when we are without ‘ready-made philosophical 
concepts through which a given historical episode can be properly understood, 
the historian needs to craft new abstract philosophical concepts’. The perspec¬ 
tive adopted in this chapter has not been productive enough to provide such 
concepts, but it has certainly underscored our need for them (Benefit a). 

The kind of interplay between HS and PS forwarded in this chapter adds to 
the variety already advocated in the iHPS literature. Arabatzis’ exploration of 
the benefits of integrating PS into historical work, focuses upon issues ‘internal’ 
to the process of writing HS in particular cases. My complementary suggestion 
holds that lessons from PS can be integrated into HS ‘externally’ to the particu¬ 
larities of any case-study; PS can guide our choice of case-studies, the meth¬ 
odologies we adopt in studying them, and open our eyes to new possibilities 
concerning the kinds of lessons we stand to learn from such studies. This chapter 
began with Kinzel’s discussion of historiographical pluralism in HS. Guiding her 
analysis was the assumption that pluralism in our historical accounts of scientific 
episodes is an obstacle to be overcome - eradicated so far as is possible - in the 
pursuit of (the one) historical truth. By reflecting on the lessons of the per- 
spectivism movement in PS, and applying those lessons to a historical case-study, 
I have contended that historiographical pluralism is - far from something we 
simply ‘have to live with'’ 4 - something we should actively cultivate. 

Notes 

1 Some, though, question whether any philosophical lessons can be drawn from 
historical case-studies. For discussion of these issues, see: Joseph C. Pitt (2001); 
Jutta Schickore (2011); cf. Katherina Kinzel (2015). 

2 Katherina Kinzel (2016), p. 146. 

3 Stephen Kellert et ah, (2006); Hasok Chang (2015). 

4 Ronald Giere is the main advocate of perspectivism. See Giere (2006b). 

5 Ronald Giere (2006a). 

6 Kinzel’s examples include Harry Collins and Allan Franklin’s alternative accounts 
of efforts to detect gravitational waves, and Alan Musgrave and Hasok Chang’s 
differing reconstructions of the Chemical Revolution; Kinzel (2016), Section 7.3. 
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7 Relatedly, Hasok Chang (2015, p. 380) has urged that '[t]here is much to be gained 
from a pluralist retelling of even those historical episodes that are widely considered 
to have been “done to death” already’. His active pluralism consists in writing 
careful histories of the ‘losers’ in scientific controversies rather than simply celebrat¬ 
ing the winners, and combatting the focus upon ‘consensus points and explanations 
of closure’. To the extent that we can view these as alternative ‘perspectives’, Chang’s 
programme can be easily accommodated within my own. 1 owe to Chang the ‘done 
to death’ phrase in the title of this chapter. 

8 John Abernethy (1814); on John Hunter’s influence in the period, see Stephen 
Jacyna (1983a); on teaching practices in this period, see Pauline Mazumdar (1987). 

9 On ether-theories, see Geoffrey N. Cantor and M. J. S. Hodge (1981) 

10 Stephen Jacyna (1990). 

11 This latter work has been analysed in some detail, with a particular focus on 
Lawrence’s views on biological inheritance; Kentwood D. Wells (1971). 

12 George D’Oyley (1820), pp. 6, 5. The accusation of ‘materialism’ seems misplaced, 
given that Lawrence’s Bichatian approach was in truth a variety of vitalism, as I 
discuss in section 11.4. 

13 Philostratus (1823), p. 116. 

14 For example, Sharon Ruston (2005), p. 2. 

15 One could of course pursue a multiplicity of other perspectives. Another more 
‘philosophical’ option would be to conceive the affair as, at base, a dispute over 
scientific explanation; in this case, how best to explain the relationship between 
organised bodies and the vital phenomena they exhibit. It may turn out that 
our current philosophical concepts of scientific explanation can capture Aber¬ 
nethy and Lawrence’s disagreement in illuminating ways (which fall outside of 
the aims or possibilities of the social-historical perspective summarised above). 
If not, iHPS scholars might follow Hasok Chang’s (2012, p. Ill) suggestion 
that, when we are without ‘ready-made philosophical concepts through which a 
given historical episode can be properly understood, the historian needs to craft 
new abstract philosophical concepts’. 

16 For criticism of Cunningham’s framework, see Carin Berkowitz’s (2011) review of 
his The Anatomist Anatomis’d. 

17 Cunningham (2010), p. 157. 

18 Ibid., p. 372. 

19 Ibid., p. 371. 

20 Abernethy (1817), p. 5. 

21 William Bynum (1973), p. 445. 

22 Lawrence (1819b), p. 1. 

23 Ibid., p. 8. 

24 Lawrence (1816), p. 106. 

25 Lawrence’s view of causation was inspired by the Scottish common-sense school, 
particularly Thomas Brown’s (1818) Inquiry into the Relation of Cause and Effect; 
Lawrence’s debt to Brown is evinced by a lengthy footnote on p. 78 of his Lectures 
(Lawrence 1819a). 

26 Lawrence (1816), p. 149. 

27 Richard Olson (1975), p. 96. 

28 On vital spirits as heuristic principles, see: James Larson (1979). 

29 Lawrence (1819a), p. 10. 

30 Lawrence (1816), p. 121, emphasis added. 

31 Ibid., p. 72, emphasis added. 

32 See, for example, the work of Charles Wolfe, especially Wolfe (2011, 2017). 

33 Wellman (2003). 

34 Kinzel (2016), p. 146. 
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12 Between realism and constructivism 

A sketch of pluralism for science education 

Wonyong Park and Jinwoong Song 


Introduction: ‘Making use’ of the History and Philosophy of Science 

The marriage of the History and Philosophy of Science has resulted in many 
mutual benefits for both fields, as the other chapters in this volume exemplify. 
Yet, we may further ask: can the benefits of the integration be ‘exported’ to 
some relevant disciplines or practices outside of history and philosophy? This 
chapter makes a case for using ideas developed by iHPS scholars to examine 
some implications for a closely related area, namely science education. 
Throughout the chapter, we intend ‘science education’ to refer to the teaching 
of scientific subjects (such as general science, physics, chemistry, and biology) 
that occurs in primary and secondary education and the early university years 
- as opposed to the preparation of future science professionals - since our 
arguments are mostly concerned with raising a democratic citizen in our time. 
In this sense, science education is where iHPS can be ‘put into action’, in that 
iHPS can provide educators some useful ideas for dealing with practical issues 
in science teaching. In fact, there has been a long tradition in science educa¬ 
tion that focuses on either using historical and philosophical ideas to better 
teach scientific concepts, or to solve conceptual issues in the science curricu¬ 
lum, teaching, and learning. 1 As a part of this long-established tradition in 
education, and as an exploration of the practical utility of iHPS, in this 
chapter we present a re-examination of the epistemological basis of science 
education, using the ideas of one very actively discussed topic among iHPS 
scholars, namely scientific pluralism. 

Broadly speaking, scientific pluralism is the idea that science, both in princi¬ 
ple and in practice, does not consist of a coherent set of shared methods and 
principles; instead, it understands science as consisting of multiple groups of 
scientists embedded in heterogeneous languages, cultures, and practices that 
interact in numerous ways, but none of which can be easily reduced to the 
others. When looking at how science is practised today, it would be naive to 
say that particle physicists, palaeontologists, and molecular biologists work 
based on the same sets of aims, methods, or principles, even though no one 
would deny that they all are scientists. If it is indeed the case that science is 
essentially plural and disunified, the ramifications for science education would 
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be significant. Indeed, much of what should be taught about science and sci¬ 
entific method (and their nature) and how this should be done is dependent 
upon our understanding of scientific practice. Since the end of the 1970s science 
educators have put much effort into examining what the ‘nature of science’ is 
and what constitutes scientific practice, however, ‘how differently’ scientists do 
different sciences in practice and what that implies in terms of science instruc¬ 
tion have drawn surprisingly little attention. 

In this chapter we bring together ideas from history, philosophy, sociology, 
science, and education to address a foundational issue in contemporary sci¬ 
ence education, namely the realism-constructivism controversy. Our primary 
task is to advocate for a realist form of pluralism as a moderate alternative to 
the realist and constructivist extremes in science education, and, in order to 
do that, we reconstruct ideas of pluralism in a way that reveals its relevance 
to education. To this end, the chapter is structured as follows. In section 12.2, 
we begin by reviewing the unsolved debate between realism and con¬ 
structivism in science education and argue that the realist aims of science are 
not only important in characterising science itself, but also in characterising 
science education. In section 12.3, we examine the arguments for pluralism 
proposed by education theorists and philosophers of science and consider 
pluralistic realism as one possible way out of the dilemma posed between the 
realist and constructivist extremes. In section 12.4, three distinct dimensions 
of pluralism are identified and its importance in school science curricula is 
discussed. Finally, in section 12.5, we present more practical implications of 
pluralism in science education by suggesting five potential characteristics of 
what might be considered ‘pluralist’ science education. 

12.1 Realism versus constructivism in science education 

Both in science studies and science education, constructivism is one of the most 
influential ideas that has prevailed from the second half of the twentieth century 
onward. Though the usage of ‘constructivism' is not univocal in both dis¬ 
ciplines, one of the notions the two disciplines share is that ‘scientific knowledge 
originates in the social world rather than the natural world’; thus, the latter plays 
little role in knowledge construction. 4 Harry Collins’s (1974) study on TEA 
lasers, Bruno Latour’s laboratory ethnography (1979, Latour and Woolgar 
2013), and Andrew Pickering’s (1992) study of the social construction of the 
quark concept are some landmark studies that contributed to the turn to social 
constructivism in science studies. These ‘sociologists of scientific knowledge’ 
urged that external factors such as social relations, political ideology, power 
structure, and group interests override logic, rationality, and theory-evidence 
relation when scientific knowledge is formed and further evolves. Constructivism 
in science studies soon precipitated new debates over how we should teach sci¬ 
ence in schools: As a result, it has become one of the most significant ideas in the 
history of science education that ‘science as public knowledge is not so much a 
“discovery” as a carefully checked “construction” [...] and that scientists 
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construct theoretical entities (magnetic fields, genes, electron orbitals...) which in 
turn take on a “reality”’, as argued by Rosalind Driver (1988, p. 137). 

In their steady-selling book The Golem: What You Should Know About 
Science, Harry Collins and Trevor Pinch (1998, pp. 148-149) described a 
hypothetical ‘constructivist’ science classroom in which they illustrated what 
science education might mean in the constructivist understanding of science. 
In this story, the teacher lets students discover the boiling point of water using 
a thermometer by reading the thermometer when the water is steadily boiling. 
As can be easily expected, no one gets the ‘right’ answer (100°C) unless they 
already know it. Children get values such as 105°C and 99.5°C, while some of 
them even fail to get any stable value for various reasons. Of main interest to 
Collins and Pinch, however, was not what process of inquiry each student had 
or how they justified their answers; rather, it was what happened during the 
last ten minutes of the lesson: 

Ten minutes before the end of the experiment the teacher will gather 
these scientific results and start the social engineering. Skip had his ther¬ 
mometer in a bubble of superheated steam when he took his reading, 
Tania had some impurities in her water, Johnny did not allow the beaker 
to come fully to the boil, Mary’s result showed the effect of slightly 
increased atmospheric pressure above sea-level, Zonlcer, Brian and 
Smudger have not yet achieved the status of fully competent research 
scientists. 

At the end of the lesson, each child is under the impression that their experiment 
has proved that water boils at exactly 100°C. What did students learn from the 
lesson? A sense of‘re-negotiation’, say Collins and Pinch (1998, p. 149). The core 
of the students’ learning occurred during the ‘last ten minutes’ when the teacher 
pointed out what prevented each student from getting 100°C as the boiling 
point, and why they must accept that it should be 100°C. But is this - that sci¬ 
ence is only a matter of consensus-reaching process and the resulting ‘negotiated’ 
knowledge - really enough? The story shows a very useful way of teaching the 
socio-political nature of science; however, what is overlooked by the authors is 
that students can leam little from the whole process about how this relates to 
reality and the natural world. 

After the emergence of social constructivism about scientific knowledge 
and its radical interpretations, educators began to recognise that the problem 
of realism is crucial for science education, too. Whether a mind-independent 
reality exists itself is not a question that can be answered by educators, but 
the way in which we respond to this question has essential significance in 
understanding the aims of and the desirable approaches to science education. 
Science educator Michael Matthews, for example, emphasises the importance 
of our commitment to reality in science education, saying that it ‘affects the 
rationale we give ourselves, parents, society and students for initiating chil¬ 
dren into the activities and conceptual schemes of science; and affects the 



Between realism and constructivism 231 


motivation students have for learning science.’ 5 He goes further and asks: ‘if 
gravity waves are our creation, why spend so much time and money looking 
for them?’ 6 This reminds us of an important fact: that the commitment to 
reality gives the stakeholders of science education a strong reason to teach 
science to children. Science is worth learning because it is about what is real 
and what is (approximately) true about the natural world. If what we teach 
and learn - atoms, electrons, evolution, etc. - is only a matter of construction 
and negotiation, then we will lose much of the justification for its inclusion in 
school curricula. Underlying our argument throughout this chapter is a 
recognition that the realist aims of science are not only crucial for science’s 
sake, but for education’s sake as well. 

Again, this is not to say that constructivism in science education should be 
rejected in its entirety. The idea that science is a product of social interaction 
and is affected by both personal and social factors does not mean that it is 
worthless to teach it. What we should avoid is taking either extreme. Seeing 
science only as a matter of social-political process does not help escape the 
realism-constructivism dilemma, nor does seeing it only as a collection of 
absolute facts about mind-independent reality and the scientific method. 
Contrary to the teacher in Collins and Pinch’s story, it is possible to imagine 
‘deeply realist’ teachers who believe that science is rational and divorced from 
social context; that we have the scientific method that guarantees success; that 
the theories and models are the fruits of that method; and that textbook sci¬ 
ence is undoubtedly the best reflection of the ‘single, complete, and compre- 
hensive account of the natural world’. It seems apparent that this latter view 
of science is no less dangerous than Collins and Pinch's example, since it is 
likely to result in a kind of dogmatic teaching and make science education 
nothing more than linear transfer of canonical knowledge and skills. 

12.2 Finding a middle ground: pluralistic realism 

How can we preserve the core ideas of constructivism while avoiding radical 
relativism, and save the rationality of science in classrooms while avoiding 
dogmatism? Some proposals have been made to resolve the tension between the 
two. An early solution to the dilemma was proposed by Israel Schdfler (2000), 
whose idea was developed in the famous debate with his teacher and Harvard 
colleague Nelson Goodman. Scheffler describes his position as ‘'plurealism’, 
since it is a synthesis of the objectivist and constructivist ideas. Like con¬ 
structivism, Scheffler’s plurealism preserves not only the possibility but also the 
desirability of different and incommensurable symbol systems. Due to its com¬ 
mitment to realism, however, plurealism does not drift toward a general relati¬ 
vism that lacks criteria for assessing and evaluating these systems. 8 

Scheffler’s plurealism offers a useful middle ground between objectivist 
realism and radical constructivism that does not drift toward either extreme. 
But since Scheffler did not speak much about what plurealism means in the 
context of natural science, it is necessary here to consider the case studies 
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conducted by philosophers of science, who have been actively discussing the 
pluralism issue since the 1960s. Sandra Harding suggests that there were at least 
three historical roots of the pluralism, heterogeneity, and disunity discussion of 
science. One is the moral (and political) motivation that called for recognition of 
various cultures and subcultures, while another is the so-called practice turn in 
history and sociology of science that began to focus on scientific practices in labs 
and field sites. In addition to these, the socio-political environment that caused 
changes in philosophers’ interpretations of positivism and the ‘unity of science’ 
also precipitated the pluralism discourse in science studies. 9 The investigation of 
past and current scientific practice has revealed that many objects of scientific 
inquiry require multiple approaches for scientific explanation and investiga¬ 
tion. 10 From a series of case studies, historians and philosophers of science have 
given examples of the plurality that occurs in numerous topics from diverse areas 
of science, such as in physical laws, galactic models, quantum mechanics, 
behavioural sciences, and electrochemistry. 11 These results seemed contradictory 
to what was assumed in the monist notion of science, in which any phenomenon 
(at least ideally) was believed to have a singular, comprehensive explanation 
consisting of a set of fundamental principles. 

It should be noted that pluralism is not a straightforward philosophical 
idea. “ Some authors tend to ground their pluralist position on strong 
metaphysical assumptions such as the ‘dappled’ or ‘disordered’ world, while 
others choose to remain on an epistemological level. 3 While some take 
pluralism as descriptive of scientific practice, others prefer to add a norma¬ 
tive dimension to pluralism. 14 Even when a normative approach is taken, 
different authors have advanced different positions about how to understand 
the inconsistencies among pluralities. There is radical pluralism, which often 
is hard to distinguish from relativism, modest pluralism (in which plurality 
is viewed as resolvable or at least tolerable), and a continuum of positions 
between them. 13 Here, however, we do not try to argue in favour of one 
specific position or another, nor do we propose a new version of pluralism, 
as that would clearly exceed the scope of this chapter. Still, to serve our 
purpose - to present a new look at science education - what we mean by 
pluralism is limited at least to meanings that preserve some commitment to 
realism, for the aforementioned educational reasons. 

It is not difficult to find in the Philosophy of Science literature such a realist ver¬ 
sion of pluralism that pertains to reality but at the same time recognises and values 
the diversity of methods and explanations in science, just as Scheffler did. One such 
example is Hasok Chang’s ‘active realist’ version of pluralism, where science is 
understood as a commitment to ‘leam[ing] about mind-independent reality in all 
possible ways.’ 16 It also follows from this notion of pluralism that multiple theories 
are not obstacles to, but indeed opportunities for, deeper learning and thus the 
progress of science. This naturally leads to the normative idea that multiple and 
plural approaches should be cultivated and that accepting this pluralism about 
science will lead to a better future. This ‘active normative epistemic pluralism’ (as 
Chang, 2012, p. 268, calls it) becomes a fruitful source that we consider an 
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alternative to the realist and constructivist extremes of science. Pointing to this 
issue, Chang adds: 

It [active-realist science] is to make hypotheses about unobservable 
nature, to take the trouble of deriving new predictions about their obser¬ 
vable consequences, to create new observational capacities, to ask new 
questions, to create new concepts, to enhance theoretical connections (by 
unification or reduction), and so on - and to take all these activities as far 
as possible. Here we can see realism and ‘constructivism’ dovetailing in 
an unexpected way, which helps us make sense of statements of realism 
such as the following by Ludwig Boltzmann from 1890: ‘According to my 
feeling, the task of theory lies in the construction of an image of the 
exterior world, which exists only in our mind and should serve to guide 
us in all our thoughts and all our experiments’. 

Ronald Giere and Michela Massimi’s ‘perspectival realism’ similarly 
acknowledges that different knowledge claims such as models and theories are 
always generated and justified within a particular perspective. 18 While dis¬ 
cussing that there is no ‘God's eye’ view of nature ever available to us, Mas- 
simi emphasises that having multiple perspectives per se does not deny mind- 
independent facts and truths. Rather, truth is said to be ‘contextualised within 
the limits afforded by rival scientific models or rival historical perspectives’. 19 
Alex Aylward’s chapter in tins volume showed an articulation of this view by 
revisiting the famous Abemethy-Lawrence debate on the nature of life in a new 
perspective. According to perspectival pluralism it is possible to say that, for 
example, the phlogiston-based and oxygen-based explanations of combustion lie 
within two different perspectives, are justified within each perspective but not the 
other, and are constrained by each perspective’s scope and limit. Yet this does 
not mean truth is relativised. Both theories are pointed to the same natural 
phenomena under inquiry, but the resulting explanations of the phenomena are 
being limited within the boundaries of each theory. Both active realism and 
perspectival realism acknowledge the value of diverse scientific practice as well 
as scientists’ commitment to reality, and this enables us to consider them as 
possible candidates based on which science education could be conceived. 

Having described what we mean by pluralism in science, let us return to edu¬ 
cational concerns. One recent pluralist attempt in science education emerged 
alongside the emphasis on the so-called nature of science in science curricula. In 
contrast to the earlier approaches to the nature of science that sought to find a 
definite list of characteristics that represent science, recent discussion has atten¬ 
ded more to the irreducibility and disunity of science. Gfirol Irzik and Robert 
Nola attend to the fact that it is hardly possible to speak of necessary and suffi¬ 
cient conditions for something to be deemed science, since all scientific dis¬ 
ciplines are different and cannot be reduced. Based on this notion, they argued 
for a Wittgensteinian ‘family resemblance’ conceptualisation of the nature of 
science for education. This conceptualisation was then further developed and 
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articulated by Sibel Erduran and Zoubeida Dagher. - As an essential feature of 
science, Erduran and Dagher discussed several forms of pluralism (pluralism 
about values, methods, and explanations) and argued that these must be reflected 
in curriculum materials and teaching practices. In the following sections, we will 
examine how each of the three categories of pluralism can be viewed through the 
lens of science education and what they imply. 

12.3 Three kinds of pluralism that matter in science education 

Pluralism is relevant to a wide range of important issues in science and science 
education. Stephen Kellert, Helen Longino, and Kenneth Waters (2006a, p. xi) 
emphasise that the idea of pluralism in science is not restricted to merely 
recognising that there exist multiple accounts for some natural phenomena, but 
has broader implications: 

If the nature of the world is such that important phenomena cannot be 
completely and comprehensively explained on the basis of a single set of 
fundamental principles, then the aims, methods, and results of the sci¬ 
ences should not be understood or evaluated in reference to the monist 
quest for the fundamental grail. 

However, not all historico-philosophical discussions about disunity and plural¬ 
ism are equally important in an educational context. For example, most of the 
metaphysical claims about the structure of the world - whether it is unique, 
ordered, ruly, or patchy - seem to have little direct relevance to science educa¬ 
tion, despite their significance in a philosophical context. Given that scientific 
knowledge and the methods of scientific inquiry are the two most important 
learning outcomes in science education, it seems more reasonable to start with 
the epistemic and methodological aspects of scientific pluralism. As one of the 
few discussions on pluralism in science education to date, Erduran and Dagher 
implied in their recent work that there are three distinct categories of pluralism 
that are particularly relevant to science education: pluralism about aims and 
values, about methods and methodological rules, and about explanations. In 
what follows, we build on Erduran and Dagher’s account of these three classes 
of pluralism, in order to develop some ideas about how pluralism might be 
interpreted in a science education context. 


12.3.1 Pluralism about the aims and values of science 

That scientists’ work based on a multiplicity of aims/values and different 
interpretations of these aims/values has been evidenced by a number of case 
studies. For example, Peter Galison (1997) has shown with the example of the 
argumentative and visual traditions in microphysics how diverse epistemic 
goals are pursued by different scientific communities even within the same 
field. Similarly, it has also become a popular idea that diverse epistemic and 
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non-epistemic values (sometimes referred as ‘virtues’) are intertwined in sci¬ 
entific practice. Hasok Chang (2012, p. 207) has illustrated this well in his 
study of chemical history, showing that ‘scientists hold a multiplicity of epis- 
temic values (ranging from empirical accuracy to theoretical elegance), and 
they also differ on which values they regard as important and how they 
translate the values into practice’. Aims and values are at the very core of 
scientific practice, being involved in making decisions about theory choice, 
and the application of science for specific use. 

This realisation has motivated science educators to bring aims and 
values into the school curriculum during the past few decades, under sev¬ 
eral rationales. 21 Their discussions led to a close examination of issues 
such as what the nature of aims and values in science is, how these aims 
and values are related to other aspects of science, and how teachers should 
introduce these topics in classrooms. Frequently exemplified as values in 
science are such epistemic values as generality, refutability, consistency, 
accuracy, explanatory power and practical values such as simplicity, truth, 
mathematical elegance, unification. At the same time, many arguments 
have been made on pluralist grounds to defend the view that abandoning 
the value-free ideal does not lead to the denial of rationality and objec¬ 
tivity, which implies that we do not have to fear the loss of these virtues 
when bringing aims and values to classrooms. 

Whereas monism about values assumes that there must be one foundational set 
of values that guides scientific research, value pluralism notes that the list of values 
and the relative weight among them are not stable but subject to the research pro- 
blem and aims. - Moreover, value pluralism develops to a normative form when 
combined with the recognition that heterogeneity of values is not a weakness of 
science, but rather a fruitful source of its strength and objectivity. - The idea that 
scientists work based on certain aims and values that are not determined but are 
dependent on the group of scientists they belong to is not only important in itself 
but also as the foundation of pluralism about methods and explanations. 


12.3.2 Pluralism about the methods of science 

The basic idea of methodological pluralism is that there is no ‘single, uni¬ 
versally applicable method invariant throughout the History of Science and the 
various fields of scientific study’, and similarly none of the existing methods 
can unify the others: in short, that there is no method that is the method of 
science. It instead sees science as ‘not characterized by a single invariant 
method, but by a set of evaluative rules to which scientists appeal in the context 
of theory appraisal. 24 The rise of methodological pluralism is historically linked 
to logical positivism, which prevailed the early and mid-twentieth century and 
posited that diverse scientific methods could be united. Against these logical 
positivist unifiers, defenders of methodological pluralism have provided argu¬ 
ments in favour of the idea that the methods of contemporary science cannot 
be reduced or unified into one. - 
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The relevance of methodological pluralism to science education becomes 
clear when we recall, for example, that school science has long been criticised 
for its reproduction of ‘the myth of scientific method’. Henry Bauer (1994) 
claims that the popular conception that scientists follow a certain method in 
practice and that the method explains the success of science are myths and 
misleading. Though this problem has been acknowledged by educators for 
quite a while, such a simple-minded and mythical view still seems to be 
widespread among students. Textbooks have tended to present and describe 
methods similar to Baconian inductivism, hypothetico-deductivism, or some 
five- to eight-step algorithms labeled as ‘the scientific method’. Among others, 
Erduran and Dagher (2014) recently disproved this by showing that even 
what is commonly taught as one method (e.g., observation, experimentation) 
can be divided into many, based on whether its main purpose is description or 
hypothesis-test, and how manipulative it is. 

It is possible to find consolation in such statements of the US Next Generation 
Science Standards as ‘scientists use a variety of methods’ which appear to indi¬ 
cate that school science is already well versed in pluralism. 26 But is it really suf¬ 
ficient, to expect students to know what to make of such a statement? Perhaps 
not. Most people already know that what scientists do is different from one field 
to another. What then should be the main point of teaching methodological 
pluralism? A good understanding of the plurality of methods consists of not only 
knowing that different sciences use different methods, but also how and why they 
are different. This includes understanding how a variety of aims and values can 
result in the adoption of different methods that (at least appear to) serve those 
aims and values best and how the choice of a different method can result in a 
different explanation. While doing an inquiry activity or being introduced to a 
theory, students should be given the motivation to reflect on such questions in 
order to help them come to a deeper understanding of the intricate nature of 
scientific methods. Much more can be done beyond simply telling students that 
science is plural or that scientists use many methods. 


12.3.3 Pluralism about explanations in science 

Explanatory pluralism refers to ‘the possibility of having more than one 
explanation that can explain the same phenomena equally well’. - This 
dimension of pluralism is distinct from the preceding two kinds and has 
driven various case investigations in many different fields of scientific practice. 
Explanatory pluralism applies to nearly all types of scientific knowledge, 
which can be broadly grouped into theories, laws, and models. - Despite its 
significance, however, as Erduran and Dagher justly point out, the concept of 
‘explanatory pluralism’ has been neglected despite its utility from scientific 
and pedagogical standpoints, and this comes from ‘the tacit preference for 
monistic explanations’. - The problem of the plurality of explanations being 
hidden in science curricula reminds us of a remark made as early as 1949, by 



Between realism and constructivism 237 


British educator Joseph Schwab. In an essay titled The Nature of Scientific 
Knowledge as Related to Liberal Education, he argued that: 

to employ only one doctrine as a principle will give rise to a biased view 
of the nature of science, and to teach a single doctrine could be to the 
student only misleading or confusing ... because no single doctrine is 
more than a partial statement ... based upon a given set of epistemic or 
metaphysical presuppositions. 30 

It appears, however, that the situation today is not much better than the 
teaching of ‘a single doctrine’ that Schwab lamented. Why is it so hard to 
conceive of plural explanations in school science? One reason is that the 
plurality is reduced and trimmed in the process of science being trans¬ 
formed in its teachable form. In biology for instance, Erduran and Dagher 
remark that the selection and organisation of topics does not typically 
allow any space for pluralism. Another view may be that plurality is 
obscure because, unlike frontline science, school science deals with ‘old’ 
science, where many controversies were resolved long ago and only the 
‘winner’ survives. However, as many historical case studies show, it is clear 
that plurality is not limited to contemporary science, nor is it only a 
matter of controversy and survival. In addition, when we look more care¬ 
fully into school curricula, we discover that they are full of topics with 
multiple, competing, complementary explanations. In the physical sciences, 
we see the action-at-a-distance and held models of electrodynamics; the 
Newtonian, Lagrangian, and Hamiltonian formulations of classical 
mechanics; the wave and particle models of light; Arrhenius’s, Bronsted- 
Lowry’s and Lewis’s models of acids and bases; the valence bond and 
molecular orbital theories of covalent bond. Turning to biology and the 
earth sciences, more familiar topics are found: the trichromatic and oppo¬ 
nent-process theories of colour perception, the punctuated equilibrium and 
gradualist theories of evolution, the uniformitarianist and catastrophist 
accounts of diastrophism, a wide variety of models of climate change, etc. 
Though each case differs from the others in the detailed account of its 
plurality, all of them are frequently taught in secondary school and at the 
introductory university level. The reason pluralities are not sufficiently 
recognised is thus not because they are absent from the curriculum. 

The main task for science educators is therefore to make the best use of those 
pluralistic concepts that are already present in curricula, expose students to 
them, and teach them how such diversity, plurality, and their co-existence benefit 
human knowledge about the natural world. By grounding scientific pluralism in 
our commitment to realism, we can allow students to realise how each of the 
different explanations reveals a different aspect of reality and how humanity’s 
(and the students’) knowledge can be better extended and deepened when these 
are put together than when we commit to a monistic explanation. 
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12.4 Re-envisioning science education in light of pluralism: a way 
forward 

Having examined the educational and philosophical dimensions of pluralism, 
and the possibility of pluralism being compatible with realism, it is time to 
begin a more systemic reconstruction of these ideas in terms of science 
teaching and learning in schools. Our task is to recollect the ideas presented 
thus far and make suggestions for educators to establish curricula and 
practise pedagogy informed by pluralistic realism. One clear implication of 
pluralism is that it should teach students that science is a plural discipline 
composed of a multiplicity of aims, values, methods, and explanations and 
teach how each one works for the target natural phenomenon. In the fol¬ 
lowing, drawing on the previous discussion about pluralism in science edu¬ 
cation, we focus on what practical implications pluralism has for science 
education by suggesting some key characteristics of science education 
informed by pluralism. 

Grounding science education in pluralism, rather than objectivist realism or 
relativistic constructivism, requires significant re-orientation of what and how 
we teach in school science. Assembling the core ideas of pluralism articulated 
by educators and philosophers of science, and transforming it in terms of 
science education, five broad suggestions can be made for science educators: 
(a) Science should be taught as a human activity that operates based on 
multiple aims and values in order to study reality, and not as an established 
body of knowledge, (b) Science education should encourage students to max¬ 
imise their close contact with reality by means of pluralism, (c) Students' 
learning of the scientific method should mean not only acquiring a specific set 
of methods but also understanding them as a way of learning about reality, 
(d) Students should learn how to formulate ideas about reality based on 
shared aims, values, and methods while understanding and mutually recog¬ 
nising others’ ideas, (e) Science teachers should encourage students to for¬ 
mulate diverse ideas and approaches while keeping the class directed towards 
reality. In the rest of this section the meanings of, and rationales for each 
suggestion are explained in more detail. 

(a) Science should he taught as a human activity that operates based on 
multiple aims and values in order to study reality and not as an established 
body of knowledge. 

The implementation of pluralism in science education can begin by seeing 
science as a collective human activity that allows multiple aims, values, 
methods, and explanations, but all these are based on a commitment to rea¬ 
lity. This implies one important re-orientation of our views about what should 
be taught in science classrooms: from teaching science as knowledge to sci¬ 
ence as practice. This sharply aligns with the recent trend in science education 
that views science as consisting of a set of scientific practices/ Only with 
science being understood as a collection of epistemic activities and practices 
in the teaching context can the aims, values, and methods by which the actors 
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(or practitioners) make their decisions become a central goal of teaching sci¬ 
ence. Scientific knowledge in the form of theories, laws, and models should be 
understood as the product that humanity has accumulated about reality in the 
course of this practice, not as a list of absolute and invariant truths that are 
separate from human activity. 

(b) Science education should encourage students to maximise their close 
contact with reality by means of pluralism. 

Another important consequence is that science education should give 
priority to the maximisation of students’ close contact with reality. The 
aim of a physics lesson is not, for example, ‘learning Newton's theory of 
prismatic refraction’ but instead ‘learning about prismatic refraction’. A 
pluralist science lesson puts the reality of natural objects and phenomena 
at the very centre of it. The so-called hands-on science activities are one 
(but not the only) way to this: We can let students see, hear, and feel what 
is happening in the lesson - say, a prism, chemical substances, a bull’s eye, 
a piece of a mineral specimen, etc. - and collectively try to learn from 
them in the classroom. This can motivate students to recognise what they 
are learning science for, by giving the strong feeling that they are learning 
about natural objects and phenomena (in other words, reality) rather than 
about the theories themselves. The Newtonian, quantum-mechanical, and 
relativistic views of motion, rather than being taught as three different 
domains of knowledge isolated from one another, should be appreciated as 
different lenses through which we approach reality and the truth. 

This notion of science learning resonates with Chang’s (2012, p. 221) 
insight that ‘for learning to take place, we need to arrange such situations in a 
way that exposes our senses to the happenings’. Though reality is at the 
centre of scientific inquiry in such an approach, the importance of theories, 
laws, and models in science learning is not undermined. Theories, laws and 
models are used (and understood) as multiple ways to shed light on specific 
aspects of reality, and when joined together, they allow students to know 
reality from diverse angles and in a more complete picture. We believe Ronald 
Giere (2006b, chap. 3) exquisitely demonstrated this benefit of pluralism when 
he showed, making an analogy with scientific observation, that having a 
multiplicity of instruments (standard photography, infrared observatory, 
Compton gamma ray observatory, etc.) can maximise our knowledge of the 
Milky Way. It is not difficult to infer from Giere’s story that while the main 
aim of science teaching is not mastering individual observational techniques 
and their background theories, they still can cooperatively serve our pur¬ 
pose - extending knowledge about the outer universe - well. In other words, 
what science education aims for should not be a monistic truth about reality 
but rather pluralistic truths about what is in front of us, which is much 
broader and deeper. 

(c) Students’ learning of scientific method should mean not only acquiring a 
specific set of methods, but also understanding them as a way of learning about 
reality. 
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In the pluralistic understanding of science, the importance of teaching the 
methods of science is still recognised. However, scientific methods are not 
taught as a single stepwise algorithm or a finite list of some kind. Instead, the 
plurality of methods should be presented as the various forms of human 
endeavours to learn from reality. Let us give a familiar example; in school 
physics textbooks the atomic structure is usually explained in accordance with 
abstract laws of physics, and the light emitted from the shift in atomic state 
is treated as being an important part of this. On the other hand, in school 
chemistry, they teach the same object but focus instead on how the proper¬ 
ties of atomic structure explain certain chemical bonds and reactions. Both 
subjects suppose that there is something ‘real’ about atoms, but the angles of 
approach differ. This is because each subject has different aims and interests 
that lead to different methods, and they produce different explanations 
about reality that serve each of their aims and values. That each account 
serves its own purposes, however, does not disturb the coherence of knowl¬ 
edge. As a result of this type of process, children learn different truths about 
the same component of the natural world, while expanding their knowledge 
and appreciating the values of each method that produced specific explana¬ 
tion about it. 

At this level, embracing methodological pluralism in school science does 
not reduce to a simple-minded idea such as ‘scientists use a variety of meth¬ 
ods’; it has broader implication for teaching practice. Understanding that 
different aims/values can produce a diverse range of methods can open up the 
possibility for students to develop autonomy in judging ‘how to do this’ 
(methods) based on ‘what I want to do it about’ (aims) and ‘what is impor¬ 
tant while doing it’ (values). At times students can try different aims and 
values, which accordingly produce different methods, test them, and maximise 
their contact with reality. Making this possible from a young age would allow 
greater opportunities to cultivate the creativity and imagination of individuals. 

(d) Students should learn how to make acceptable ideas about reality based 
on shared aims, values, and methods while understanding and mutually recog¬ 
nising others’ ideas. 

Through science education informed by pluralism, students should learn 
how to formulate acceptable ideas about reality at hand, based on shared 
aims, values, and methods while understanding and recognizing others’ 
ideas. This is particularly important considering that modern society is full 
of socio-scientific issues, and that living in society as a citizen has required 
more and more scientific judgement from individuals. That is, most societies 
require every member to become a scientist to some extent. A citizen in a 
democratic society is expected to be scientifically literate to make informed 
decisions about how they evaluate scientific information from the media, 
whether they vote for a politician who advocates nuclear power plants, 
GMOs, or climate change caused by humans. This seems to have been the 
main concern of the developers of Science for All Americans in 1991, when 
they wrote: 
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Scientific habits of mind can help people in every walk of life to deal 
sensibly with problems that often involve evidence, quantitative con¬ 
siderations, logical arguments, and uncertainty; without the ability to 
think critically and independently, citizens are easy prey to dogmatists, 
flimflam artists, and purveyors of simple solutions to complex problems. ~ 

In other words, society requires that students’ roles, as democratic citizens, be 
shifted from acquiring scientific knowledge to making reasoned scientific 
decisions and judgements. Students agreeing with a particular account of a 
scientific issue based on the specific values and methods associated with it 
should be responsible for their own decisions by having an idea of what is 
occurring inside them during the process of these decisions. In addition, 
respecting other people’s judgement is also an important ability, as long as 
that judgement is made based on a commitment to reality and is a rational 
decision based on it. While communicating with their fellow citizens, students 
should be able to notice the differences between their ideas and also improve 
their own through interaction. This can be a first step in reducing the 
destructive form of scientific debate in society and moulding it into collective 
processes of rational deliberation. 

(e) Science teachers should encourage students’ diverse ideas and approaches 
while keeping the class pointed toward reality. 

The last implication of pluralism involves the teacher’s role; science teachers 
should motivate students’ contact with reality rather than simply transmitting 
or interpreting established knowledge to students. The existence of a special 
person called ‘teacher’ is what distinguishes the science classroom from the 
scientific community. Professional scientists do not have teachers; they are 
equal in the sense that all of them participate in the production as well as the 
evaluation process of knowledge. A science classroom is not identical to a sci¬ 
entific community. The teacher’s role in a science classroom is to promote 
multiple ideas and approaches while letting the multiplicity of students’ activ¬ 
ities ‘point to reality’. That is to say, allowing plurality does not mean rejecting 
the realist aim of science as the pursuit of truth or facts, nor does it mean 
speaking against the facts that are valid across perspectives. Plural ideas, argu¬ 
ments, and perspectives should converge to the truth about the subject they are 
studying on that day (or during the semester). 

If we allow plural aims, values, methods, and explanations, some may ask, 
how can a teacher possibly manage to bring the class together to point to 
reality? This difficulty can be reduced by recalling that we always base our 
inquiry on (a set of) aims and values that make the whole process of inquiry, 
whether in scientific practice or in classrooms. Cohesiveness, adequacy, sim¬ 
plicity, and other values - even if they are not spoken explicitly - guide the 
classroom as a community that is studying reality, so they should function as 
valid markers of whether someone’s idea is pointing to reality or not. These 
shared aims and values can sometimes be determined by the subject or topic 
of each lesson, at other times be based on the teacher’s personal epistemology 
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or come from the curriculum goals. The classroom can become a place of 
rational deliberation in this way. 

Therefore, a teacher should be equipped with an ability to guide the classroom 
to pursue its aims based on shared values, evaluate each student’s opinion, sum 
up, and show directions to follow. This is why we need a teacher in a classroom: 
because scientists are expected to do all these things by themselves, but in general 
students are not. The purpose of science lessons being taken this way - that is, as 
cultivating democratic citizenship through science - teachers should be cautious 
of their students being obedient to the authority imposed by curricula, text¬ 
books, majority opinions, and particularly teachers’ own position. 

Conclusion: Expanding the toolbox of science education 

In this chapter, we sought to explore what the idea of scientific pluralism in sci¬ 
ence means to science education. We started with the long-standing debate in 
education between realism and constructivism, proposing that recent forms of 
pluralism with a commitment to reality can be considered a new epistemic 
underpinning for understanding science education. To highlight the relevance of 
pluralism to science education more concretely, three kinds of pluralism (aims/ 
values, methodologies, and explanations) were differentiated, and what each of 
them means to education was examined. We then proceeded to illustrate what 
‘pluralist’ science education would look like and what kinds of characteristics it 
should have. We hope to be read as providing an example of iHPS’s potential to 
impact research and practice outside HS and PS themselves. 

The disunity, plurality, and diversity of science is not a completely new idea, even 
in science education. We do not claim originality for bringing pluralism to science 
education. However, we believe that discussions about pluralism such as the one 
provided here give a meaningful perspective to understanding the tension between 
realism and constructivism. We argue that taking pluralism as an approach to sci¬ 
ence, for policymakers, teachers, and students alike, will allow us to keep our 
commitment to reality so that we do not lose sight of the reasons why science is 
being taught (the realist component); simultaneously, it allows multiple ways of 
inquiry that are grounded on shared goals and epistemic values (the constructivist 
component), thus giving an impetus to maximise our learning from reality. 

We would like to conclude our discussion by addressing a couple of 
important concerns people may express toward the pluralist approach to 
science education. The first question that can be raised about our idea is 
whether it would increase the amount of disciplinary knowledge necessary 
and whether schools, teachers, and children would be able to handle this 
increase. This kind of fear can occur when advocating a position that views 
the pluralist approach to science as ‘broadening’ our knowledge about 
nature, a change that would require the broadening of what should be 
taught in school science while retaining the same number of daily school 
hours. However, we should note that the growth of human knowledge does 
not necessarily mean the quantitative expansion of the school curriculum. 
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Instead of taking pluralism as an addition to knowledge to be transmitted, 
we can take it as an opportunity to choose from more options and recognise 
what it means to have a bigger toolbox. Such a notion of pluralism in sci¬ 
ence education would be crucial in making science learning more purposeful 
and closer to the practice of science. 

A more perplexing issue concerning pluralist science education is the worry that 
school science might become a place where all students cry out their ‘theories' 
without the teachers having any good reason to reject them. Every day we see 
people who reject established scientific theories such as evolution and climate 
change. The widespread ‘disrespect for facts’, as Harding (2015, p. Ill) puts it, has 
become a serious political issue around the globe. Would pluralism in science 
education not result in justifying the sceptical attitude toward these facts, even¬ 
tually preventing any agreement or decisions based on them? Would it not raise 
more climate change deniers and anti-vaccinators? In order to advocate pluralism 
in science education, it is important to have a clear answer for these questions. 

Compared to a classroom at its realist and objectivist extreme, where a teacher 
is supposed to become a source of knowledge about reality and transmit it to 
children in a didactic way, a pluralist classroom surely would look more disorderly 
and harder to control. However, it is also different from Collins and Pinch’s con¬ 
structivist classroom, which is likely to become a place of ‘anything goes’. ’ 4 To 
borrow Chang’s expression, we can instead let ‘many tilings go’. What con¬ 
temporary pluralists have tried to demonstrate is how such a plural state becomes 
possible without causing serious problems or inconsistencies, and how it makes 
science better. We argue that a science classroom can become a space where dif¬ 
ferent aims, values, methods, and explanations come together and where the 
members expand their knowledge about the subject matter, but all these are rooted 
in a firm commitment to reality. Understanding pluralism in this way allows us to 
avoid science education becoming ‘transmission’ and ‘negotiation’ and overcome 
the perils of both realism and constructivism in science education. Furthermore, it 
offers us important clues for how to equip students for the ‘post-truth’ world full 
of ‘alternative facts’ and ‘fake news’ delivered via social media. For openness to 
diversity and critical attitude are not only two key theses of pluralist-realist edu¬ 
cation, but also are crucial qualities of democratic citizenship in this century. In 
this sense, we take the ‘post-truth’ political culture as an opportunity to cultivate 
rationality and citizenship, rather than a challenge. The ability to explore and 
appreciate diverse possible sciences and critically assess rival approaches and 
explanations, we believe, can be best learned in a pluralist science classroom. 

Notes 

1 One recent contribution to the study of HPS-informed science education is: 
Michael R. Matthews (2014a). 

2 For an introduction to pluralism in philosophy of science, see Alex Aylward’s 
chapter in this volume; Stephen H. Kellert, et ah, (2006b). 

3 For science studies, a useful reference is Kukla (2013); for science education, see 
Michael R. Matthews (1998). 
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4 Steve Woolgar (1983). 

5 Michael R. Matthews (1994), p. 158. For a comprehensive discussion about (and 
sharp attack on) the social constructivism in science education, see e.g. Peter 
Slezak (1994). 

6 Michael R. Matthews (2014b), p. 313. 

7 Stephen H. Kellert et al. (2006a), p. x. 

8 Katariina Holma (2004), p. 420. 

9 Sandra Harding (2015), chap. 5. 

10 Stephen H. Kellert et al. (2006b). 

11 See Nancy Cartwright (1983) (physical laws); Stephanie Ruphy (2016) (galactic 
models); Michael Dickson (2006) (quantum mechanics); Helen E. Longino (2002) 
(behavioural sciences). 

12 Jordi Cat (2017). As Cat explains, such meta-pluralism forms an important basis 
of Kellert, Longino and Waters’s so-called pluralist stance. See Kellert et al. 
(2006a). 

13 The former view includes John Dupre (1995); Nancy Cartwright (1999). Examples 
of the latter view are Hasok Chang (2012); Ruphy (2016). 

14 Examples of descriptive pluralism includes: Carla Fehr (2006), pp. 167-89; Long¬ 
ino (2002). A form of normative pluralism is found in Chang (2012). 

15 Alan Richardson (2006). 

16 Chang (2012), chaps 4, 5. John Dupre’s (1990) ’promiscuous realism’ is another 
influential realist version of pluralism. 

17 Chang (2017), p. 185. 

18 Ronald N. Giere (2006a); Michela Massimi (2017). 

19 Massimi (2017), p. 171. 

20 Richard Rorty (1988); Giirol Irzik and Robert Nola (2011). 

21 Douglas Allchin (1999). 

22 Longino (2002). 

23 Helen E. Longino (1995); Allchin (1999). 

24 Howard Sankey (2000), p. 211. 

25 Ian Hacking (1996); Dupre (1995); Alison Wylie (1999). 

26 NGSS Lead States (2013). 

27 Erduran and Dagher (2014), p. 128. 

28 Erduran and Dagher (2014), chap. 6. 

29 Erduran and Dagher (2014), p. 127. 

30 Joseph J. Schwab (1949), p. 99. 

31 See, for example, Ellice A. Forman and Michael J. Ford (2014); Cyrus C. M. 
Mody (2015). 

32 American Association for the Advancement of Science (1990), p. xiv. 

33 This idea aligns well with Hasok Chang’s ‘benefit of interaction’. Chang argues that it 
is also important to note that the co-existence of multiple systems facilitates produc¬ 
tive interactions between them through what he calls ‘integration, co-optation, and 
competition’ (Chang 2012, chap. 5); It is also to be noted that Jeroen Van Bouwel 
(2015) further develops this idea into a democratic theory of scientific pluralism. 

34 Chang (2012), p. 261. 

35 Chang (2012), p. 261. 
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